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OBJECTS AND METHOD OF DIET ADJUSTMENT 
IN DIABETES * 


R. T. WOODYATT, M.D. 


CHICAGO 


In the dietetic management of diabetes we are engaged in the effort 
to correlate symptoms and signs shown by the patient with the kinds 
and quantities of food he consumes. Thé success of treatment, the 
average of results in all types of cases, depends on the truth of our 
concept of the relationship existing between symptoms or signs and the 
food supply. During the last few years the average of results obtained 
in the dietetic management of diabetes has been improved greatly 
through the work of Allen and Joslin, and the system they have devel- 
oped is in some respects more logical and less empirical than any we 
have had heretofore. Yet the literature of the subject is still confused 
by a lack of unanimity among all writers as to the best manner of 
handling all cases. In a recent monograph, Falta‘ has again told the 
merits of his “cereal cure” ( Mehlfriichtekur), and endorsed methods 
of management that differ materially from that which has found so 
much favor in this country. Newburgh and Marsh,’ failing to achieve 
practical results by their application of the principles of “total dietary 
restriction” and “undernutrition,” resort to low protein high fat diets 
with striking success in the management of seventy-four cases. In 
the past, good results were obtained and may still be obtained in some 
cases by old fashioned “rigid” diets. The remarkable improvements 
that have sometimes been seen with the institution of a Donkin “milk 
cure,” a von Duering “rice cure,” a Mossé “potato cure,” a von Noorden 
“oatmeal cure” or any one of several analogous procedures cannot be 
denied and have never been explained fully to the extent that one may 
predict with certainty. just wnen one of these empirical procedures will 
anu w .en it will not produce a result better than that attainable by a 
more systematic method. The present study was made in the effort to 
correlate some of these varying views of different writers, and, if pos- 
sible, to clear away some of the confusfon that they tend to create in the 
mind of the physician as to what method of procedure he may best 
follow in any specific situation. 


*From the Otho S, A. Sprague Memorial Institute Laboratory for Clinical 
Research, Rush Medical College. 

1. Falta: Die Mehlfriichterkur bei Diabetes Mellitus, Berlin, 1920. 

2. Newburgh and Marsh: Arch. Int. Med. 25:647 (May) 1920 
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126 ARCHIVES OF INTERNAL MEDICINE 


Discrepancies in the clinical literature of diabetes arise from three 
main sources: (1) Confusion in the minds of writers as to the exact 
nature of the anomaly of the metabolism which characterizes diabetes. 
(2) A general tendency among clinicians to think of the food supply of 
the body too exclusively in terms of diet, to the neglect of endogenous 
factors, and (3) the almost universal custom of thinking of the food 
supply simply as so much carbohydrate, so much protein, so much fat 
and so many calories without further analysis. 

It will be necessary to develop each of these points separately. 
NATURE OF THE DIABETIC ANOMALY AND PRINCIPLES OF TREATMENT 

(a) One single specific defect characterizes diabetes. This consists 
in an inability on the part of the body to utilize as much glucose as may 
be utilized by the normal body when the supply of glucose exceeds 
certain limits. The diabetic appears to be capable of utilizing a limited 
quantity of glucose as well as the normal individual, but fails to utilize 
a normal percentage of any glucose introduced into the body in excess 
of this limit. This limitation of the body’s power to utilize glucose is 
present in every case of diabetes. In its absence we can not say that 
diabetes exists. In its presence alone, without any other accompani- 
ment, one must say that diabetes does exist. 

(b) The endocrine function of the pancreas, so far as we know it at 
all, is a single highly selective function having to do with the utilization 
of glucose and nothing else. All that we know of this function is 
deduced from our knowledge of the changes which occur in the diabetic 
metabolism and from the established relation between diabetes and the 
pancreas. Were it not for the occurrence of the metabolic phenomenon 
which is called diabetes, we would have no more reason to speak of a 
special endocrine function of the pancreas than we now have for speak- 
ing of such a function in the case of any ef the organs which are not 
considered as endocrine organs in the usual sense of the word. No 
second metabolic disturbance besides diabetes has been found to occur 
with consistency after reduction of pancreatic substance. It is accord- 
ingly necessary to conclude that t'.s work of the pancreas as an endo- 
crine organ, so far as we know it today, has to do solely with the dis- 
position of glucose, and that to lessen this work, one must lessen the 
quantity of glucose entering the metabolism. The pancreas is a glandu- 
lar organ innervated from the celiac plexus. Vagus and sympathetic 
fibers pass into its substance. It is a nerve gland apparatus. Pre- 
sumably it performs its function by secreting a substance having the 
power to dissociate the one specific sugar glucose into which all other 
carbohydrates that are capable of utilization on the large scale must 
first be converted before they can be oxidized, reduced or built up into 
glycogen. That such an apparatus should be stimulated by glucose to 
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provide for the disposition of glucose is a thought in keeping with many 
facts. That a weakened pancreas in the presence of a sufficient supply 
of glucose might be stimulated into a state of fatigue and decreased 
function, and that a sufficient diminution of the glucose supply might 
then lessen the stimulation, place the organ in a state of comparative 
rest, and permit it to recuperate up to a certain limit, is also quite con- 
ceivable and affords a logical explanation of many observed facts. 

(c) The anomaly of the metabolism in which abnormal quantities of 
acetone, acetoacetic, and 8 hydroxybutyric acids appear in the tissues, 
blood and urine is not due directly to any impairment of the 
endocrine function of the pancreas. It is a secondary effect in the 
nature of a disturbed metabolic balance resulting from the withdrawal 
of oxidizing glucose, as, when one stone is withdrawn from an arch 
all the other members may settle to a new position. This anomaly is 
not peculiar to diabetes nor constantly associated with it. It occurs in 
other diseases. It may be made to appear in a normal subject by starva- 
tion, or a diet containing too low a proportion of carbohydrate and too 
high a proportion of fat, and when this is done it may be made to 
disappear again simply by the addition of more carbohydrate to the 
diet. It appears to be the immediate result of the oxidation of certain 
fatty acids in the absence of a sufficient proportion of “oxidising” 
(dissociated) glucose. 

There is for any given individual at any given time, a definite ratio 
between the quantity of glucose oxidizing in the body and the maximum 
quantity of ketogenic fatty acids that can be oxidized in the same time 
without the appearance of abnormal amounts of the acetone bodies. 
In other words, the quantity of oxidizing glucose fixes an upper limit 
to the quantity of ketogenic fatty acid that can be completely oxidized 
at the same time. As to the absolute magnitude of this ratio, and 
the s of its variation in different individuals in health and disease, 
it 1 early to make a final statement. Some years ago, on 
the basis of chemical studies by Ciamician and Silber, and test tube 
experiments with acetoacetic acid, I suggested a certain type of reaction 
as the basis of “antiketogenesis” in which one molecule of acetoacetic 
acid would react with one molecule of an alcohol or glucose.* Zeller, 
working with normal individuals on ample diets consisting of carbo- 
hydrate and fat with very low protein contents, shifted the proportions 
of fat and carbohydrate without changing the total calories and saw 
acetone appear when the ratio of carbohydrate calories fell below 10 
per cent. of the total, that is, when the ratio of fat to carbohydrate in 
the diet in grams was about 4 to 1, Recalculating Zeller’s experiments, 
Lusk estimated the relative quantities of sugar and higher fatty acid 


3. Woodyatt, R. T.: J. A. M. A, 55:2109 (Dec. 19) 1910. 
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that might have been oxidizing together in the body. Allowing for the 
formation of sugar from the glycerol of the fat, and of glucose from 
the protein catabolized, and for some glucose from glycogen, but not 
for ketogenic amino-acidS from protein, Lusk suggested that possibly 
one triose molecule was necessary for the complete oxidation of one 
of higher fatty acid, that is, one molecule of glucose to two molecules 
of higher fatty acid, or 3 gm. to 1 gm. P. A. Shaffer * has worked 
with test tube experiments and with diabetic individuals in which he 
conducted metabolism studies, including observations on the respiratory 
quotient at the time acetone first appeared. Shaffer calculated the 
ketogenic acids of protein on the basis of the quantities of leucin, 
“tyrosin and phenyl alanin found by analysis in 100 gm. of ox muscle 
protein by Osborne, assuming that each molecule of these known 
acetone formers may yield one molecule of acteoacetic acid, or its 
equivalent. As a result of his work, Shaffer suggests that one molecule 
of glucose is necessary for the complete oxidation of one molecule of 
acetoacetic acid, or one molecule of any higher fatty or amino-acid that 
yields one molecule of acetoacetic acid (or equivalent). The molecular 
weight of glucose being 180, of oleic acid 284, of palmitic acid 256, 
and the average of the two acids 270, the ratio found by Shaffer, if 
expressed in grams would be about 1.5 gm. higher fatty acid to 1 gm. 
glucose. Working with diabetic patients on maintenance diets under 
conditions that made it probable that the proportion of food stuffs in 
the diets corresponded fairly with those actually catabolized in the body, 
and estimating the glucose and fatty acid as hereinafter indicated, we 
have also observed at the time acetone appeared, ratios of 1.5 or a 
little above or below this figure with considerable frequency in har- 
mony with the work of Shaffer. Accordingly, even though it may 
prove necessary to correct this figure as data accumulate, and for 
individual cases, it would seem that for clinical purposes one will make 
no gross error if it is assumed that the ratio of higher fatty acids to 
glucose, which if exceeded will lead to acidosis, is likely to be close to 
1.5 to 1. (in gm.). This refers to the materials actually catabolized 
and to the diet only under the stated conditions. 


TREATMENT 
It follows from the foregoing that the rationale of dietetic manage- 
ment in diabetes is to bring the quantity of glucose entering the 
metabolism from all sources below the quantity that can be utilised 
without abnormal waste; and to adjust the supply of fatty acids in 
relationship to the quantity of glucose so that in the mixture of food 
stuffs oxidizing in the body, the ratio of the ketogenic fatty acids to 


4. Shaffer, P. A.: Proc. Am. Soc. Biol. Chem, Fifteenth Annual Meeting. 
December, 1920. p. 6; J. Biol. Chem. 46:98 (March) 1921. 
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glucose shall not exceed limits compatible with freedom from ketonuria. 
When, as, and if, under these conditions of relative rest for the pan- 
creas, the glucose using function improves, then the food supply may 
be increased gradually in so far as this can be done without disturbing 
the above relations. 
ENDCGENOUS FACTORS OF FOOD SUPPLY, ILLOGICAL DIET RESTRICTIONS 
When a man fasts he does not, of course, cease to produce heat. 
Normal men during a fast on light exertion have been observed to 
produce from 29 to 30 calories per kg. of body weight daily. For a 
50 kg. man this would mean 1,500 calories per day. During the first 
four days of a fast, Cetti produced on the average 29 calories per kg. 
for a total of 1,618 calories per day, and catabolized 85.88 gm. protein 
for 329.8 calories and 136.72 gm. fat for the remaining 1,288 calories.” 
In a case studied by F. G. Benedict,® on the second day of fasting there 
were produced 1,768 calories, or 29.9 calories per kg., and the individual 
was estimated to have catabolized 74.7 gm. protein, 147.5 gm. fat and 
23.1 gm. glycogen. These figures are by no means the highest that 
might be selected. Thus, a well nourished normal man weighing 50 
kg., who during a fast produces 1,500 calories per day, may actually 
catabolize in the neighborhood of 75 gm. protein, 125 gm. fat and a 
little carbohydrate from glycogen. These well known facts are repeated 
simply to emphasize the magnitude of the food supply from the tissues 
in fasting, and to point out, in particular, that in fasting over 100 gm. 
fat may be thrown into the metabolic stream and catabolized daily. It 
has further been shown that the amount of fat in the fasting organism 
materially affects the amount of protein burned. In a critical review 
of the literature of the subject, Lusk has said: “Where there was much 
fat present, little protein was consumed ; when there was little fat, much 
protein burned ; and when there was no fat, protein alone yielded the 
energy for life.” In a normal individual, the ingestion of fat will not 
prevent the death of the organism because there is a continual loss of 
tissue protein from the body which finally weakens some vital organ 
to such an extent that death takes place. But the ingestion of fat may 
spare tissue fat and thus prevent the protein loss from becoming abnor- 
mally great. It may be said that the ingestion of fat spares the individ- 
ual any such protein loss as will occur if the tissue fat is allowed to 
become too much depleted. In this sense, the ingestion of fat by an 
emaciated individual spares protein for that individual. Voit found in 
a fasting animal that the ingestion of suitable amounts of fat scarcely 
influenced the protein metabolism. To one dog “which in starvation 


5. Citation from Lusk, Elements of the Science of Nutrition, Ed. 3, 1917, 
pp. 86-89. 

6. Benedict, F. G.: The Influence of Inanition on Metabolism, 1907, p. 194, 
Table 128. 
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burned 96 gm. fat, Voit gave 100 gm. fat with the result that it burned 
97 gm.” The fat ingested simply burned instead of the body fat, but 
the total amount of protein and fat burned remained the same” (Lusk). 

Now, if a certain diabetic patient during a fast reacts essentially as 
a nondiabetic individual in the same state of nutrition; and if he weighs 
50 kg., produces from 1,250 to 1,500 calories, and in doing so actually 
mobilizes and burns 100 to 120 gm., or more, fat, the ingestion of an 
equal quantity of fat should leave his metabolism in the same state as 
before. The supply of fat would come at one time from the tissues, at 
another from the diet, but the quantity thrown into metabolism—the 
quantity presenting itself for disposition in the cells would be the 
same in both cases. Jf these premises are sound, why then 
should we ever use complete fasting for diabetes? Granting that a 
diabetic patient may suffer from obesity as well as diabetes—that he 
may have two different metabolic defects; or granting that at times it 
might seem desirable to starve for other conditions besides diabetes. In 
such cases fasting would be rational, if it would improve the general 
condition. But for diabetes itself, and particularly for diabetes asso- 
ciated with undernutrition, why for the purpose of desugarization 
should the patient be compelled to draw from his tissues the fat that he 
might draw from a diet, especially if in drawing from his tissues he 
lowers his fat reserves to the extent that he increases his protein losses ? 
The striking results that have been obtained by Newburgh and Marsh 
with fat replacement diets bear significantly on this point. The prac- 
tice of starving, or virtually starving, a patient in order to render his 
urine sugar “free,” and then building up the diet, first with carbohydrate 
and then with protein, with a particular avoidance of fat, would appear 
to be based on the supposition that if fat were administered it would 
increase the catabolism of fat. But this would be in disregard of the 
endogenous food supply, and illustrates the necessity of thinking in 
terms of the metabolism rather than of the diet. As the diet falls, the 
endogenous supply rises to take its place, and vice versa. The lower 
the diet, the less its significance in calculating the food supply from all 
sources. It is possible to maintain the normal body with a diet that 
contains only 10 per cent. more calories than are produced in fasting, 
and the differences in the catabolism of a man when receiving no diet 
and when receiving a 1,500 calorie diet may be slight. 


(3). DEALING WITH THE FOOD SUPPLY IN TERMS OF CARBOHYDRATE 


PROTEIN AND FAT 


Carbohydrate, protein and fat are as such three separate and distinct 
substances, no one of which can be expressed quantitatively in terms of 
another, and if we speak of food supplies or diets as made up of so 
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much carbohydrate, so much protein and so much fat, we simply name 
them in terms of three variables. Thus each particular combination 
or diet becomes a specific, and having learned by experience how one of 
them will affect a certain patient, we have no means of knowing exactly 
how a second dissimilar combination will affect the same patient, much 
less another, except by trial and experience. The number of possible 
combinations of three variables is infinite and the number of practical 
food combinations, no two of which will differ by less than 5 gm. of 
one ingredient or by less than 50 calories runs into the thousands 
\ccordingly, if we attempt to correlate symptoms and signs shown by 
the patient with the diet and follow the usual system of thinking of 
diets simply in terms of carbohydrate protein and fat, without attempt- 
ing to resolve them into simpler terms, it will be necessary to establish 
by experiment the effects of each diet combination in every type of 
case. It would seem tedious and hopeless to proceed by this inductive 
method. A further objection to this method, and a clear advantage 1m 
using another, lies in the fact that protein, carbohydrate and fat as 
such are not in reality the substances that present themselves for the 
final oxidative attack in the body which results in the liberation of 
energy. These substances are resolved by the processes of digestion 
and intermediary metabolism into simpler substances before they can 
be burned in the tissues. It is not starch in the bowel nor glycogen in 
the liver and muscles that taxes the endocrine function of the pancreas, 
but the glucose into which these carbohydrates are resolved. Protein 
of the diet ceases to be protein and becomes a mixture of amino-acids 
before it can be absorbed from the bowel and these undergo deamina- 
tions, etc., prior to actual oxidation. Neutral fats, to be sure, may be 
absorbed in part as such, and may be deposited in the tissues as such, 
but before they can be oxidized and used as sources of energy, they must 
first be saponified into glycerol and higher fatty acids. Thus, as a 
matter of fact, carbohydrate protein and fat are not the actual food 
stuffs with which we are dealing when it comes to the final metabolic 
processes. In the management of the diabetic food supply, it is simpler 
and more rational to think in terms of the chemical metabolism. Falta 
devised a formula in which he added the carbohydrate of the diet to 
the urinary nitrogen times 2.8, or (following Lusk’s suggestion) 3.65 
to show the total quantity of glucose entering the body from carbohy- 
drate and protein. Then, subtracting from this the quantity of glucose 
excreted in the urine, he obtained a figure for the quantity of glucose 
actually utilized. The quantity excreted, divided by the total quantity, 
supplied gives a fraction which multiplied by 100 was Falta’s diabetic 
quotient. The latter has a limited value. The absolute quantity utilized 
is Of more interest. The principle is important and can he developed 
further 
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WHAT FOODS BECOME IN THE BODY 


Of the carbohydrates of the diet and tissues that play a significant 


role in heat production, all that do not already exist in the form of 
glucose are converted into this form by the processes of digestion or 
intermediate metabolism or both prior to ultimate utilization. We 
may, therefore, say that 100 gm. utilizable carbohydrate in the diet, 
if all is digested and absorbed, introduce into the metabolism about 
100 gm. glucose.’ 

Fats of the diet in the course of digestion and intermediate metabo- 
lism must be saponified into glycerol and higher fatty acid before they 
can be oxidized. Fats such as tristearin, or an oil such as 
triolein, when completely saponified, yield approximately ten parts 
by weight of glycerol to ninety parts by weight of higher fatty acid. 
Glycerol is capable of conversion into glucose in the body almost gram 
for gram. So we may say, for clinical purposes, that 100 gm. mixed 
fat in the diet, if completely absorbed and catabolized, will introduce 
into the metabolism about 10 gm. glucose and 90 gm. higher fatty acid.” 

Protein of the diet, or tissues, is resolved into amino-acids, and in 
so far as these are absorbed and catabolized, they must be deaminized 
(and presumably at the same time oxidized) to yield oxy- or hydroxy 
acids. Of these, a part is convertible into glucose, another part into 
8B hydroxybutyric and acetoacetic acids, while a third small fraction 
is destroyed in as yet unknown ways. According to the experiments 
of Lusk on phlorhizinized dogs, which have been repeated by others, 
and according to numerous observations in cases of maximal humar 
diabetes, one may say that 100 gm. mixed food protein are capable of 
introducing into the metabolism approximately 58 gm. glucose. The 
same 100 gm. of protein also introduce a certain quantity of products 
which are quite the equivalent of products of the higher fatty acid 
catabolism in that they are capable of yielding 8 hydroxy and aceto- 
acetic acids. The exact quantity of these substances formed in the 
catabolism of 100 gm. protein can be estimated only roughly. The 
amino-acids that are certainly known to yield acetone bodies are leucin, 
tyrosin and phenyl alanin. If we take the quantities of these amino- 


7. In tables of food analyses all that is listed as carbohydrate is not neces- 
sarily utilizable carbohydrate. 

8. If objection is made to the view that neutral fats may yield 10 per cent. 
of their weight in glucose on the grounds that ingested neutral fats have not 
been observed to cause the appearance of “extra” sugar in the urine of 
phlorhizinized dogs, it may be suggested that the ingestion of fat by a starving 
phlorhizinized dog would scarcely be expected to increase the fat catabolism 
for reasons already given unless special precaution had been taken to discharge 
tissue fat, etc. It is not improbable that the tissue fat that a fasting 
phlorhizinized dog catabolizes does produce glucose and that the glucose is 
then credited to protein. 
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acids found in 100 gm. ox muscle protein by Osborne and Mendel,” 
as Shaffer has also done, and convert the weights given into gram 
molecules, we obtain 0.16 gm. molecules of these ketogenic amino-acids. 
If we assume that each of these is capable of yielding one molecule of 
acetoacetic, or 8 hydroxybutyric acid, and accept the view that one 
molecule of a higher fatty acid such as oleic or palmitic acid also yields 
one molecule of aceto-acetic (or 8 hydroxybutyric acid, then the 0.16 
gm. molecule of ketogenic amino-acids would be equivalent in respect 
of its ability to form aceto-acetic acid to 0.16 gm. molecule of higher 
fatty acid. If the acid were oleic (molecular weight 284), this would 
mean 45.44 gm. The nature of this estimation is such that consid- 
erable error is scarcely avoidable, but it affords a tentative figure that 
serves a practical purpose, even though it may require correction in 
the light of experience. 

It will thus be seen that all of the foods of the diet, except a small 
fraction of the protein, resolve themselves in the body into two things ; 
glucose, on the one hand, and higher fatty acid (or acetone forming 
equivalents) on the other. If we let G stand for the quantity of 
glucose, and F A for the quantity of higher fatty acids that may be 
introduced into the metabolism by a mixture of carbohydrate, protein 
and fat, then 


100 gm. carbohydrate yields in the body 100 gm. G and 0 gm. FA 
100 gm. protein yields in the body..... 58 gm. G and 46 gm. (?) FA 
100 gm. fat yields in the body......... 10 gm. G and 90 gm. FA 


These relationships may be expressed in the form of simple equa- 
tions in which G is the total quantity of glucose introduced into the 
body by a given food combination; F A the total quantity of higher 
fatty acids (plus ketogenic amino-acids expressed in terms of higher 
fatty acid) C, carbohydrate; P, protein; and F, fat (neutral); thus 


(1) G = C+ 058 P + 0.1 F 

(2) FA= 0.46 P + 09 F 
If the ratio of F A: G which if exceeded leads to acetonuria is 
1.5: 1, then when : A = 1.5 we derive from (1) and (2) the equation 


' 
== 2C + .54 P, which for clinical purposes may be stated simply as 


(3) Fae 3c 4 =. 


DISCUSSION OF HYPOTHETICAL DIETS 
Let us now consider four hypothetical diets: I, II, III] and IV, and 
analyze them from the viewpoint of their possible effects on a certain 
diabetic patient weighing 50 kg. Let it be assumed that each diet is 


9. Osborne and Mendel: J. Biol. Chem. 17:366, 1914 
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completely digested, absorbed and catabolized, and that each is sufficient 
to cover the maintenance requirements of the body, so that we may 
in discussing them waive endogenous factors. Were these diets not 
sufficient to maintain the body, foodstuffs derived from the tissues 
would add themselves to the combination actually being utilized in 
the body and these would have to be known and allowed for. Also 
if some of the fat were deposited in the tissues this would have to 
be allowed for. 
Looking at these diets simply as so many different combinations of 
carbohydrate, protein and fat, and going no further, they appear to be 
quite dissimilar. Who could certainly judge their relative effects on a 
patient? Diet I is a fair example of the old fashioned “rigid” diet, 
with almost no carbohydrate and the protein at 3 gm. per kg. of body 
weight. Diet II is a high carbohydrate, low protein diet. It is the 
kind of a combination that might possibly be given in a von Duering 
“rice cure,” or a “cereal cure.” This diet would permit the patient to 
almost a pint—of boiled rice or other cereal; or, he 





enjoy 350 gm. 


TABLE 1.—EtLementat AnNatysis or Four Hypotrueticat Diets 





I. | oe IV. 


Carbohydrate “ . 77 00 51 
<r . 150 3 85 70 


Serer bed eared . 108 91 125 


could have 134 gm. white bread and butter—three slices—with each 
of his regular meals. Diet III appears to be intermediate between 
Diets I and II in all respects. It contains less carbohydrate than Diet I, 
but more than Diet IT; and the fat is less than in Diet I] and more than 
in Diet I. It contains nothing that is not contained in higher quantities 
by one of the other diets. Diet IV resembles Diet Il, but might be 
suspected of having a higher caloric value because of its fat. We 
make a rapid estimation of calories and note that Diets I, II and IIT 
each represent 1,400, while Diet IV shows about 1,609 calories. On 
the basis of calories alone, if any of the diets is not to be tolerated, 
Diet IV would be the one to suspect. Now, if in each diet we add up 
the grams of carbohydrate plus 0.58 of the grams of protein, plus 0.1 
of the grams of fat, we find that Diets I and II are alike in that each 
is capable of introducing 105 gm. glucose into the metabolism. They 
are not only isocaloric, but will yield the same quantities of glucose. 
If we assume that the patient is capable of utilizing from 105 to 110 
gm. glucose per day, he might very well tolerate either of these diets. 
Of the two, he would be less likely to tolerate Diet I. Coming to 
Diet III, and estimating the glucose equivalent G, we found it to be 
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118. This harmless looking isocaloric diet will surely cause glycosuria 
in the patient who is capable of utilizing only from 105 to 110 gm 
Diet IV, with 300 more calories than any of the other three, has the 
same glucose equivalent as Diets I and II and will probably be borne 
as well as either. The question arises in respect of Diet 1V as to 
whether the high fat is permissible or in any sense objectionable. We 
estimate the higher fatty acid value of this diet F A by means of 


formula 2. Taking 0.46 the protein +.0.9 the fat, we find 32 + 1%3 


— a _FA 
or 145 for F A. As stated, G is 104. Then the ratio re = 1.4. Asa 


1 
general rule, we have found that acetone does not appear in the urin: 
of an uncomplicated case of diabetes, or remain permanently if present 
when the ratio does not exceed this, provided, that the diet is com 
pletely absorbed, and catabolized and sufficient for maintenance, so 
that endogenous factors of food supply do not complicate the calcula 
tion. Accordingly, we say that the quantity and proportion of fat in 
Diet IV are probably not too high for complete utilization in the normal 
manner and that there is probably nothing objectionable about it 

This leads us to the problem of calculating the theoretical 
optimal diet 

ESTIMATION OF OPTIMAL DIETS 


If C = carbohydrate, P = protein, F — fat, G glucose and 
F A = higher fatty acids (plus ketogenic amino-acids expressed in 
terms of higher fatty acid), we may say—as shown above—that the 
quantity of glucose which any given combination of foods may intro 
duce into the metabolism is expressed by the equation: (1) G ( 
+ 0.58'+ 0.1 F and that the quantity of higher fatty acids (and 
equivalents) may be expressed as (2) F A = 046 P + 0.9 F. When 


~ 
4 


. FA : , ; 
the ratio G exceeds a certain value, ketonuria develops. Assuming 
, — 4 P C + 058 P + 0.1 F - 
that this ratio is 1.5, then 046 P09 F 1.5, when the 
ratio of fatty acids to glucose is as high as it may be without keto- 


nuria. Simplifying this we obtain F = 2 C + 0.54 P, or, simply. 
» 
(3) F=>2C+ ,. If it is agreed that the ratio F A : G shall not 


2 
exceed 1.5 and that the relationships expressed in equations 1 and 2 
are as given, then to estimate the optimal food combination or diet 
one may use equations 1 and 3. Given the quantity of glucose that 
the patient can utilize completely, assign this value to G in equation 1 
Thus, if 100 gm. is the highest quantity of glucose derived from all 
sources that the patient can utilize, 100 gm. = C + 0.58 P + 0.1 F 
In order to secure the maximal number of calories, the diet must 
clearly contain every possible gram of fat (at 9 calories per gram) that 
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the value of G and the relations expressed in 1 and 3 will permit, and 
consequently the lowest possible carbohydrate protein fraction (at 4 
calories per gram). Also, as between carbohydrate and protein, the 
protein must be as low as possible and the carbohydrate as high as 
possible for 1 gm. carbohydrate yielding 1 gm. glucose and 4 calories 
provides for the normal oxidation of 1.5 gm. of higher fatty acid. On 
the other hand, 1 gm. protein having the same caloric valtie as carbo- 
hydrate yields less glucose to support fat combustion and besides this 
yields acetone itself. If the body weight of the patient be 50 kg. and 
1 gm. protein per kg. is selected as a conservative minimum; then P 
becomes 50 gm. and F == 2 C + > becomes F = 2 C + 25. We 
have already made G = 100 gm. Now, the glucose yielded by the 
50 gm. protein will be 0.58 x 50, or 29 gm., leaving 100 — 29, or 
71 gm., to be distributed between carbohydrate and fat. In other 
words, C + 0.1 F = 71. From this we obtain F — 710 — 10 C. 


TABLE 2.—SuHowine Optimat Fooo Comuinations WHen G= 100 Gm. (IN 
THE Eguation G=C+ .58+.1 F); WHen FA: G=1.5; ann WHEN 
rot Protrern Is 0, 25, 530, 75 ann 100 Gm. (ie. 0; 1.0; 1.5; ann 2.0 
Gm. Per Ke. ror a Bopy Weicut or 50 Ke.) 








Difference 
P. = F. Calories in Calories 
(1) *0.000 83.333 166.666 1833.327 76.25 (2)-(1) 
(2) 25.000 70,208 152.916 1757.076 76.26 (3)-(2) 
(3) 50,000 57.083 139.166 1680.826 76.25 (4)-(3) 
(4) 75,000 43.958 125.416 1604.576 76.25 (5)-(4) 
(5) 100,000 30.833 111.666 1528.331 


*No. 1 is hypothetical and could only be considered as the nonprotein 
fraction of a larger combination. 


But we also have from the above, F = 2 C + 25. So2C +25 => 
710 — 10 C, solving which C = 57 gm. (57.08). Substituting this 
value for C in F = 2 C + 25 we find F = 139 gm. (139.16). Then, 
the optimal food combination that will fulfill the conditions and rela- 
tions specified is: carbohydrate, 57 gm.; protein, 50 gm.; fat, 139 
gm. = calories, 1,680. Proving this diet, we find the total glucose 
equivalent G = 57.08 + (0.58 & 50) + (0.1 & 139.1) = 99.99 as 
called for. Also F A = (046 * 50) + (0.9 139.1) = 150.24 
and ae == 1.50 as required. 

It is apparent, that any addition of any foodstuff to this diet will 
make G greater than 100. If, on the other hand, one added more 
fat—say, 10 gm.—and subtracted 1 gm. carbohydrate, G would remain 
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100 and the calories would be increased by 86, but this would make 
greater than 1.5. The effect of changing the protein can be seen 

I 

by comparing the caloric value of a series of optimal food combinations 


with the protein rising from 0 to 2 gm. per kg. 

For each gram of glucose that can be utilized in the body there 
are 18 calories in the optimal food combination. 

For each gram of protein in the food supply, subtract 3 calories 
from the optimal number. 

For mental calculation, if one knows that a patient can actually 
utilize a certain number of grams of glucose, take this number times 
seventeen as the approximate number of calories that he will be capable 
of using at best without glycosuria or acetonuria if the diet is most 
favorably balanced. Then, knowing the patient’s weight the severity 
or mildness of the situation becomes apparent. 


REPORT OF CASE 
To illustrate practical aspects of the principles discussed, the follow- 
ing case will be found of interest. 


\ Greek, aged 26, was admitted to the hospital as an emergency case. He 
was very weak, languid and emaciated; body weight 45 kg. There was a flush 
on the face, and the respirations were slightly increased when quiet in bed. The 
plasma carbon dioxid was 23.9 volumes per cent. by Van Slyke. The breath 
smelled of acetone and the urine contained large quantities of sugar and 
acetone bodies. He had the symptoms and signs which are commonly taken 
to indicate a very severe case of diabetes. 

First Stage: He was put to bed with artificial warmth and placed on a diet 
of 400 gm. of 5 per cent. vegetables with clear broth and plenty of water. But 
after four davs, he still passed 32 gm. sugar in the urine with acetone and 2.3 
gm, ammonia. His temperature on the fourth day ranged from 96.4 to 97.6 F.; 
the pulse from 56 to 60, and he was so weak that it was not deemed safe to 
continue the effort to desugarize at that time. This ended the first stage of 
management. 

Second Stage: He was then given for five days a diet containing 114 gm 
carbohydrate, 45 gm. protein, 15 gm. fat and 760 calories. G for this diet is 
142 gm. During these five days he excreted on the average 85 gm. glucose per 
day, so that he was disposing of about 67 gm. glucose per day from the diet 
alone. His general condition improved and he was then desugarized by two 
days of complete fasting. Having remained sugar “free” for one day, he was 
then given 400 gm. vegetables of the group that contains not over 5 per cent. 
of carbohydrate plus 1 liter of clear broth. This diet contained 12 gm. carbo- 
hydrate, 14 gm. protein and 104 calories, and G is 20 gm. But he promptly 
showed sugar in the urine and was again desugarized by one day of fasting 
The patient had just manifested his ability actually to utilize at least 67 gm 
glucose, yet the mere feeding of a diet that could yield but 20 gm. of glucose 
in the body induced glycosuria. 

Third Stage: The urine was now free of abnormal quantities of sugar and 
acetone, and the patient was given a liter of broth and 200 gm. of the fresh 
vegetables, which he bore without glycosuria. Then he received 400 gm. greens, 
then 1 egg, and so on until the diet contained 314 calories, when the urine again 
showed sugar. Again, his condition was such that it was unsafe to continue 
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i. 


these tactics in the effort to maintain him in the sugar “free” state. Three 
weeks had passed and three successive attempts had failed, although at no time 
had the diet been capable of introducing into the body as much glucose as the 
patient had actually utilized on the 760 calories diet of the second stage. 

Fourth Stage: He was given a diet that contained 92 yin. carbohydrate, 103 
gm. protein, 70 gm. fat and 1,416 calories. G for this diet is 159. He was on 
this diet for two weeks and excreted on the average 50 gm. glucose per day. 
Thus, he was actually utilizing about 109 gm. glucose per day. His condition 
was much improved and he was then desugarized by two days of fasting. 

Fifth Stage: He was now in the sixth week of management, free of glyco- 
suria and acetonuria after his third desugarization, and the attempt was again 
made to build up his diet gradually. But at 780 calories glycosuria recurred. A 
fourth desugarization by fasting was followed by another attempt, but glyco- 
suria developed with a diet of 1,000 calories. He was desugarized a fifth time 
and again broke over at 1,000 calories. Nine weeks had elapsed. He was then 
established on a diet of 953 calories, with which he remained sugar “free.” 
The diet now contained 50 gm. carbohydrate, 67 gm. protein and 56 gm. fat, 
with G = 88. The plasma carbon dioxid was 60 volumes per cent. There was 
no abnormal quantity of acetone in the urine and the urinary sugar as measured 
by the method of Benedict, Osterberg and Neuwirth showed 454, 515, 486, 425, 
494, and 400 mg., respectively, per day on six successive days (tenth week). 

At 22 calories per kg., eyen with a subnormal basal rate, this was barely a 
maintenance diet and it was apparent that unless something better could be done, 
the outlook for the patient was hopeless. 


Much has been written about the harmful influence of too much 
protein in the diabetic diet. Naunyn, von Noorden, Falta and others 
have emphasized the necessity of keeping the protein of the diet within 
limits. A new interest had been given this subject by the recent report 
of Newburgh and Marsh. We decided to test this idea to its limit 
So the patient was placed as nearly as might be in a state of specific 
protein hunger. 


Sixth Stage: The diet was made up exclusively of rice and butter to contain 
24 gm. carbohydrate, 2.5 gm. protein, 102 gm. fat, and 1,024 calories. The 
calories were, therefore, a little higher than he had yet been able to receive 
without glycosuria. He was placed on this diet and remained sugar free with 
excretions of 305, 400, 370, and 392 mg. respectively, on the four following days. 
There was no acetonuria. Now, the diet was rapidly increased; first by addi- 
tions of rice alone; then by butter and rice together. In ten days it contained 
84 gm carbohydrate, 11.5 gm. protein, 162 gm. fat and 1,837 calories. The urine 
at no time contained acetone and during these ten days had contained 308, 
359, 384, 317, 545, 335, 439, 330, 486 and 333 mg. respectively, of sugar. But the 
patient was not in nitrogen equilibrium. The urinary nitrogen was extremely 
low yet it alone was exceeding that of the diet by about 1 gm. daily. So two 
eggs were added to the diet which made it contain carbohydrate 84 gm. protein 
25 gm. (or 0.6 gm. per kg.), fat 174 gm. and calories 2,000. On this (if the 
stools were neglected), the patient came into nitrogen balance. Thus, after 
nine weeks of trial, the ordinary practice of under-nutrition had failed to 
establish the patient in the nondiabetic state with more than 953 calories 
whereas after two weeks of the rice-butter diet the calories had more than 
doubled and the carbohydrate had been increased to 60 per cent. This seemed 
like a miracle. The 84 gm. carbohydrate when served in the form of boiled 
rice made a mass of about 400 gm. which was all that the patient would eat 
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The contrast between the trays that now came to him and those that he had 
formerly had aroused many remarks in the ward. Surely, it might seem that 
there were merits in protein deprivatior 


This is the type of result that astonished von Noorden when he 
first used his oatmeal cure. It is the type of result that has made 
the reputation of the von Duering rice “cure,” the Mossé potato “cure,” 
the Falta cereal “cures.”” However, if we examine this diet according 
to the equation and take the grams of carbohydrate plus 0.38 of the 
grams of protein, plus 0.1 of the gram of fat, we find that G is 116 gm., 
and it will be remembered that in the fifth stage the patient had shown 
his ability to utilize 109 gm. glucose although at that time he had not 
remained sugar “free.” He was not doing much more. The question 
arose as to what would have happened had the high protein diet of the 
fifth stage had a value for G less than 116. 


Seventh Stage: A diet was composed to contain 28 gm. carbohydrate, 118 


gm. protein (2.7 gm per kg. instead of 0.6 gm.), and 160 gm, fat. Total 
calories, 2,024 (as against 2,000). G for this diet is 112. The patient was 
given this diet and remained sugar free and free of acetonuria. He remained 
on it for eight days when it was increased to find his tolerance limit. This 
was from 119 to 120 gm 


| NTERPRETATION 
Clearly, the merit of the rice-butter diet had not lain simply in its 
low content of protein. Four times as much protein had not been 


incompatible with a result just as good. In retrospect it is clear that 


the patient had shown from the second stage on the inherent ability 


to utilize a goodly amount of glucose. His actual tolerance was prob 
ably higher on the last day than it was on the seventh but as early as 
the fourth week he had burned almost as much glucose as he ever did 
later, so it can not be held that the final result was simply made possible 
by a rising tolerance. Notwithstanding his manifest ability to burn 
glucose, he had repeatedly shown glycosuria on very low diets that 
were incapable of introducing into his body as much glucose as he 
was able to burn, paradoxical as it may seem. This tends to encourage 
speculation. Shall we say that because of the general emaciation 
the starved kidneys had become abnormally permeable to sugar, that 
the “renal threshold for sugar” was lowered, introducing an element 
of “kidney diabetes”? Or, shall we evade the issue and say that in 
such cases the attempt should not be made to maintain the patient in 
the nondiabetic state; that such patients should be fed and allowed 
to run sugar until they are stronger, in spite of all that we know of 
the power of an excess of glucose to diminish tolerance. Shall we 
entertain the idea that a diabetic may burn more sugar if he is given 
an excess than he can if he is given just the quantity that he can utilize 
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without glycosuria? I should say no, these ideas are based on miscon- 
ceptions of the food supply of the diabetic. /t was clear in this case, 
from the events that followed, that the patient could be given every 
gram of glucose that he was capable of burning under any circumstances 
and still be kept from showing glycosuria, provided his food supply were 
suitably adjusted. 
Earlier in the paper emphasis was laid on the necessity of con- 
ceiving the food supply of the diabetic patient as coming from the 
tissues as well as from the diet, especially when the diet falls below 
the maintenance requirements of the body. In the present case, we 
are dealing with such a situation. All of the low diets that aroused 
wonder because they induced glycosuria, even though incapable of 
introducing into the body as much glucose as the body could burn, were 
diets that failed to meet maintenance requirements. Consequently, 
when these diets were being used, the patient was drawing a greater 
or smaller part of his food supply from his tissues. It is not only 
necessary to consider the supply of food from the tissues, but to con- 
sider the kind and quantities of foods that will be supplied by the 
tissues of the particular case in hand. When a patient is thrown back 
on his own tissues for food, he can only draw on the materials that 
are there. As emphasized by the quotation from Lusk, when in fast- 
ing the body contains much fat, much fat burns and little protein; 
when there is little fat in the body, little fat burns and much protein ; 
when there is no fat, protein alone burns. But whatever the composi- 
tion of the body, something burns while life persists. This patient had 
very little fat in his body, and the quantity of glycogen was certainly 
negligible. Therefore, when this patient fasted, he must have pro- 
duced much of his heat from protein. He weighed 43 kg. If in fasting 
he had produced only 15 calories per kg., this would have totaled 645 
calories, an amount of energy contained in 161 gm. protein. If he 
catabolized this weight of protein, he would liberate 58 per cent. of 
this weight, or 93 gm. glucose. Then, had he at this time the ability to 
burn 109 gm. glucose, the addition of 20 gm. from the diet would 
probably cause glycosuria. Unfortunately, in this case the basal meta- 
bolic rate and the urinary nitrogen were not actually determined during 
the fasting periods. But the literature contains many references to the 
“azoturia” of emaciated diabetics, and there can be no doubt that in 
such a case as this fasting induces a marked protein loss. Thus, fasting, 
in the case of a sufficiently emaciated patient, is the equivalent of a 
pure protein ration. In another case, with plenty of fat in the body, 
it is quite different as much tissue fat will burn and much 
less protein. It was pointed out earlier that the ingestion of 
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fat by a fasting individual who already has plenty of fat in his 
body has very little effect on the protein metabolism. If too’ much fat 
is ingested, it may increase acidosis and increase the protein loss but 
in the right quantities it simply replaces tissue fat. But, if the body 
fat is already depleted and if, as a result of this the protein breakdown 
has already become excessive, then the ingestion of fat will retard the 
prevailing protein breakdown and reduce it to a lower level. Thus 
in the emaciated individual, the ingestion of fat spares protein. 
In this diabetic patient, in this particular state, the feeding of 
enough fat should reduce the protein catabolism and_ thereby 
reduce the quantity of glucose thrown into circulation. When 
he was given the rice-butter diet he received at once 102 gm. fat for 
918 calories, almost enough to replace his minimal fasting caloric 
requirements, and this put a rapid quietus on the excessive protein 
breakdown. The quantity of glucose from protein having thus been 
cut down, there was then opportunity to introduce more carbohydrate 
in the diet which further suppressed the protein breakdown. The 
principal reason why this diet operated so well was because of its 
content of fat and because the body was so depleted in fat at the time 
when it was given. The patient was ina state of extreme fat starvation, 
When in the sixth stage of management the patient did equally well on 
a low carbohydrate high protein diet this was because the combined 
carbohydrate and protein of that diet introduced into the body no more 
glucose than had formerly come from the combined carbohydrate and 
protein of the rice-butter-egg combination, and because this diet also 
contained enough fat to prevent endogenous factors of food supply 
from coming into action. Thus, it will be seen how the administration 
of a diet in excess of maintenance requirements may under certain 
conditions actually reduce the quantity of glucose in circulation in the 
body. Were the fat dropped out of these last two diets, more glucose 
would be thrown into metabolism by the increased breakdown of 
tissue protein induced by the lowering of the diet. This, I take it, is the 
explanation of a certain type of glycosuria which develops with pro- 
longed undernutrition. I have seen a patient with diabetes similar to this 
one who could not be desugarized at all by fasting, but who cleared 
promptly when enough fat had been added to the diet with no other 
changes. This man, in fasting, catabolized so much protein that his 
protein sugar overtaxed this tolerance limit. 
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ATROPHY OF THE LIVER* 
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The pathology of acute yellow atrophy of the liver, idiopathic in 
its etiology, was first described by Rokitansky, who regarded the 
process as one of “bilious liquefaction.” According to him, an excess 
of the elements of bile is formed in the blood of the portal vein which 
prevades the entire vascular apparatus of the liver, and causes destruc- 
tion of the hepatic glandular structure by liquefaction. This view, 
which is obsolete now, was partially concurred in by Henoch and by 
Von Dusch. Henoch thought that the atrophy was due to a poly- 
cholia with consequent distention of the biliary capillaries and resultant 
compression of the blood vessels which ultimately interferes with the 
hepatic nutrition. Von Dusch ascribed the disease to a paralysis of 
the bile ducts and lymph vessels which gives rise to an infiltration of 
the organ with bile, and finally to a cellular destruction. 

Bright was the first to attribute acute atrophy of the liver to a 
diffuse inflammation of the gland. To this theory, Engle, Wedl and 
Bamberger subscribed, and they have explained the destruction of the 
cells by a fatty degeneration arising from an acute exudation process. 

Since Frerichs * detected leucin and tyrosin crystals in the urine of 
patients suffering from acute yellow atrophy of the liver, several 
investigators have studied the chemical changes which the hepatic 
tissue undergoes in this disease, and with increasingly improved ana- 
lytical processes, have been able to give us more and more exact data 
as to the change in composition induced by this disease. 

The study of the chemistry of the liver of acute yellow atrophy 
is especially interesting since it is the most striking example of intra- 
vitam autolysis that occurs in human pathology. As Wells* points 
out, it excels the autolysis of pneumonia in interest since in the latter 
it is merely the exudate that is digested, whereas in the acute atrophy 
it is the liver itself that is destroyed. Sometimes as much as 
three quarters of the entire hepatic parenchyma is autotyzed within 
several days. 

The analyses of Sootbeer,’ Beebe * and Heffter® were made to 












determine certain individual fractions in the atrophied liver. Soot- 
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beer failed to find any amino-acids in the liver of acute yellow atrophy. 
Beebe found a normal or slightly increased pentose content in such 
livers. Heffter found decreased lecithin content in his two cases, but 
Wells doubts whether these two cases were instances of true acute 
yellow atrophy. 

Perls and Von Starck® reported that the liver of acute yellow 
atrophy contains a greatly increased amount of water, whereas the 
fat percentage was normal. A. E. Taylor’ also found an increased 
water content of these atrophic livers. He found no free arginin, 
histidin or lysin by the Kossel and Kutscher method. By Fischer's 
ester process he obtained 0.35 gm. leucin and 0.612 gm. aspartic acid, 
but he could not isolate any tyrosin. 

H. G. Wells, in an exhaustive study of the chemistry of the liver 
of a young man who died of typical “idiopathic” acute yellow atrophy 
of the liver after an illness of six weeks, isolated and identified the 
following amino-acids: Histidin, lysin, tyrosin, leucin, glycocoll, alanin, 
prolin, glutaminic acid, aspartic acid. These were found free in extracts 
of the liver, and presumably represent products of the autolysis of 
liver cells, although the amount of soluble nonprotein nitrogen present 
in the extracts was so large as to suggest that there must be some 
other source for these substances. 

Small quantities of free proteoses and peptones, and of xanthin 
and hypoxanthin, were also found in the extracts. 

In the insoluble proteins of the liver, the proportion of diamino- 
acids was decreased slightly as compared with normal livers. The 
proportion of protein phosphorus was increased, probably because of 
active regenerative proliferation, while the sulphur was normal in 
amount. Iron was increased because of the large quantity of blood in 
the liver and the hematogenous pigmentation of the liver cells. 

Gelatinous material was increased both absolutely and relatively, 
because of the loss of parenchyma and the proliferation of the stroma. 

The proportion of water to solids was much increased, there having 
been a loss of two-thirds of the entire parenchymatous elements of 
the liver. The amount of fat, lecithin and cholesterin was not far from 
that which is normal for the liver. 

It is apparent that the total amount of lecithin in acute yellow 


atrophy is very greatly reduced, not only as to the actual amount 
present, but also in its relation to the other constituents of the liver. 
It would seem that although the liver has lost even as great a proportion 
of its fatty constituents as of its proteins, it has suffered an even 
greater loss in its lecithin. The significance of this observation cannot 


6. Perls and Von Starck, quoted by Quincke: Spec. Path. u. Ther. 18:297, 
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be estimated until we have more figures on the variations in the leci- 
thins of the liver and other organs in health and disease. It is interest- 
ing to note, however, that in the liver showing severe chloroform 
necrosis, with considerable fatty change, there has also been a decrease 
in lecithin, although not so marked as in the acute yellow atrophy liver. 

The cholestrin has not been so greatly reduced, for this liver 
shows about the same proportions, and nearly as large a total amount 
of lecithin, as the controls. The reduction in amount of neutral fat; 
and lecithin causes it to form an unusually large proportion of the 
ether extract. 

In a case of hepatic necrosis due to chloroform, Taylor’ found 
in the liver four grams leucin, 2.2 grams tyrosin, and 2.3 gm arginin 
nitrate. 

Wells who studied the chemistry of the liver in chloroform necrosis 
reported a rapid autolysis of the liver cells, resulting in a loss of as 
much as one-third or more of the solids in three or four days, and 
indicated chemically by the presence of free amino-acids, purins, pro- 
teoses, peptones and polypeptids in the liver. Several of the amino-acids 
were present in quantities large enough to permit of their isolation and 
identification. Despite the loss of nearly all the nuclear structures o1 
the liver the amount of insoluble phosphorus was found increased 
in the specimen examined, without alteration in the amount of insolubl 
sulphur. The distribution of the nitrogen as mono- and diamino-acids 
in the insoluble coagulated liver proteins is not different from that of 
proteins of the normal liver. There is a moderate degree of fatty 
metamorphosis, the microscopic and chemical findings corresponding in 
this respect; this increase of ether-extractive material being due t 
infiltration of simple fats while there is a slight decrease in the lecithi: 
and no alteration in the cholesterin. There is less replacement of 
proteins by water and more fatty infiltration than in acute yellow 
atrophy. 

Stadie and Van Slyke * studied a case of acute yellow atrophy in 
a patient who died within a week of the first onset of symptoms. The 
urine showed a high ammonia nitrogen (from 12 to 17 per cent. of the 
total nitrogen), high amino-nitrogen (4.1, 16.0 and 13.3 per cent. of 
the total nitrogen on last three days), and low urea nitrogen (from 47 
to 52 per cent. of total nitrogen), and contained tyrosin. The blood 
contained from 8.8 to 15.9 mg. urea nitrogen, and from 14 to 26.3 mg 
amino-nitrogen per 100 c.c. Since the patient had no food, the 
amino-nitrogen must have been derived from the tissues. On the last 
two days before death, there was a high excretion of titratable acid 
and ammonia, and one the day before death, the plasma carbonate fell! 
slightly below normal (49 per cent. carbon dioxid) but these changes 


8. Stadie and Van Slyke: Arch. Int. Med. 25:693 (May) 1920. 
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were too slight to be of great significance. The liver weighed 1,000 
gm (supposed normal 1,800 gm) and contained 71.7 per cent water 
and 13.5 per cent. fat. Per 100 gm liver, there were 2.38 gm nitrogen 
and 0.315 gm. nonprotein nitrogen (heat coagulation and kaolin 
employed to remove protein). Of this 4.76 per cent. was urea, 10.95 
per cent. ammonia, 42.5 per cent. amino-nitrogen, 22.8 per cent peptid 
amino-nitrogen, 4.54 per cent. creatin, 1.05 per cent. creatinin and 
13.4 per cent. undetermined. Attention is called to the fact that 
neither during resolution in pneumonia nor after intoxication with 
proteose or by intestinal obstruction, in all of which there is very 
rapid autolysis, is there an increased excretion of amino-acids, nor 
does this occur in hepatic disorders, except when the destruction of 
liver cells is almost complete. “These observations support the view 
that in the deamination of amino-acids and the synthesis of urea the 
liver bears a part which cannot be entirely assumed by the rest of 
the body.” 

We wish to place on record here studies of two cases of acute 
yellow atrophy of the liver. One of these (Case 1) was studied in 
the Western Pennsylvania Hospital of Pittsburgh, the pathologic diag 
nosis having been made by Dr. Vernon Lee Andrews, the pathologist 
The second case was studied in collaboration with Dr. Joseph Barsky ; 
the pathologic description was made by Dr. Eli Moschcowitz. In the 
second case, certain general chemical studies were also made. The 
history of Case 2 will be found at the end of this paper 

The chemical analysis of the livers reported in this paper may be 
classified as follows: 

1. Water content and elemental composition 

2. Study of the lipin fractions—lecithin, cholesterol, soaps, fatty 
acids and fats, ete. 

3. Study of the nitrogen fractions—protein and amino-acids 

Water Content.—The liver of acute yellow atrophy is characterized 
by a high water content, therein differing from the necrosis of the 
liver induced by phosphorus poisoning, chloroform poisoning or the 
fatty degenerated liver. 

In liver 1, the water content was 82.75 per cent., dry matter, 17.25 
per cent.; in liver 2, the water content was 75.36 per cent., solids, 
24.64 per cent. In other cases of liver atrophy, the water percentages 
shown in Table 1 were found 

In acute yellow atrophy, the moisture of the liver is often much 
increased at the expense of the proteins which have been autolyzed 
In Case 2, however, the water content was normal. 

The ash in the liver of acute yellow atrophy is markedly increased 
We found the ash to be 2.40 per cent. in case 1 and 2.72 per cent. in 
case 2, whereas in the normal livers of human beings, we found from 
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1.178 to 1.347 per cent. Of the ash the soluble salts are the ones 


that are mostly increased whereas the water insoluble mineral matter 
is reduced in quantity. The water soluble fraction of the ash was 
95.77 per cent. in Case 1 and 92.35 per cent. in Case 2, and the insoluble 
mineral matter was 4.23 per cent. of the ash in Case 1 and 7.65 per cent. 
in Case 2. In normal livers we found the soluble salts to be from 
72.4 to 81.7 per cent. of the ash, and the insoluble salts from 27.6 to 


18.3 per cent. of the ash. 








TABLE 1.—Warter Percentaces or Livers or Cases or Acurtt 
YeLttow AtroPHY OF THE LIVER 
Normal! liver (Quincke 76.1 
Normal liver (Wells) 77.6 
Acute atrophy (Perils) 81.6 
Acute atrophy (Perils). 76.9 
Acute atrophy (V. Starck) 80.5 
Acute atrophy (Taylor). 85.8 
Acute atrophy (Wakeman 79.3 
Acute atrophy (Wells).. 3.8 
Acute atrophy (Voegtlin) 78.0 
Acute atrophy (Kahn).. 82.75, 75.36 
Acute atrophy (Stadie and Van Slyke) 71.7 
Phosphorus poisoning (V. Starek) 0.0 
Fatty degeneration (V. Starck) ; 4.0 
Chloroform necrosis (Wells) ‘ 72.4 





TABLE 2.—Percentace Composition oF NormMat Liver SUBSTANCE 


Parts per 1,000 
160.26 


Average dry substance 

Average sodium chlorid 2.806 
Average sodium. 0.455 
Average potassium 1.718 
Average calcium.... 0.124 
Average Magnesium 0.148 
Average iron.... 0.614 
Average phosphorus 2.551 
Average sulphur... 1.775 
Average phosphate 3.291 
Average sulphur trioxid 0.268 


TABLE 3.—Munerat Constituents 1n Asu oF Liver Tissue 


Adult Child 
Potassium 25.23 34.72 
Sodium.. 14.51 11.27 
Magnesium 0.20 0.07 
Cakium.. 3.61 0.33 
0 2.58 4.21 
Phosphorus pentoxid 3.18 42.75 
Sulphur trioxid y 0.92 0.91 
Silicon dioxid 0.27 0.18 


Iron oxid 
Dennstedt and Rumpf”® obtained percentages composition of nor- 
Table 2. 


10 


mal liver substance as shown in 


In the ash of liver tissue Oidtmann °° found the mineral constituents 


shown in Table 3. 


Ztschr. f. klin. Med. §8:84, 1905. 


9. Dennstadt and Rumpf 
10. 


See Forbes and Keith, Phosphorus Metabolism, 1915, p. 105. 


Oidtmann 
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Von Moraczewski *' analyzed the organs of subjects who had died 


; from various diseases. In the livers of such patients he found the 
; percentage composition shown in Table 4, with which it is well to , 
contrast our findings in the cases of acute yellow atrophy. . 
The analysis of the liver of acute yellow atrophy, so far as its f 
inorganic analyses go, is shown in Table 5. 
Contrasting our results with Oidtmann’s, we find that in acute yel 
: low atrophy there is a marked increase in the content of the sodium 
salts, so much so, that they outbalance the potassium salts (Cases 1 
and 2). The chlorin, sulphur and magnesium contents are increased, 
whereas the calcium, iron and silica are reduced (Case 1). 
: 


rTABLE 4.—Percentace Composition oF Livers oF PeRSONS H 
Deap FRoM Various DISEASES 




























Phos- Phos- { 
Nitrogen Chiorin phorus phorus Calcium d 
Dry in Fresh in Fresh in Fresh in Dry in Fresh 
Diseuse Matter Substance Substance Substance Substance Substance 
Pneumonia F. 34.1 7 0.092 0.189 0.55 0.001 
Pneumonia M..... 11.7 0.271 0.982 7.99 0.004 
Carcinoma, starv ation eroee 17.2 0.191 0.216 1.25 OO17 
Carcinoma, starvation.. 28.6 0.184 0.180 0.62 0.001 
Carcinoma, anemia F.... 38.6 0.174 0.199 0.51 0.004 
Carcinoma, anemia M..... 17.4 0.158 0.237 1.35 0.001 
Pernicious anemia F...... 9.1 0.216 0.154 1.69 0.008 
Pernicious anemia M. a 17.2 0.125 0.217 1.25 0.017 
Death by bleeding M... 4.3 0.209 0.099 2.30 0.012 
Normal state....... = “ — ‘ 0.027 0.388 - 0.02% 






TABLE 5.—INorGanic ANALyseEs OF Liver oF AcuTE YELLOW ATROPHY 






. 9 














Per Cent. Per Cent 
Moisture...... 82.750 75.36 
Dry matter.. 17.250 24.64 
Organic matter. ‘ 14.841 21.92 
See . 2.409 2.72 
Soluble part of ash..... 2.405 2.51 
Insoluble part of ash... 0.004 0.21 
Sodium......... 27.340fash 24.86 0f ash 
Potassium.. a 27.17 of ash 23.19 of ash f 
Calcium.... ieleuiie 2.19 o8 ash 
Magnesium.. - ‘ 0.82 of ash 
_. ‘ ‘ 0.43 of ash 
Phosphorus..... ; ‘ ae : ‘ 41.82 of ash 
Sulphur... ... 5 nawediel , 1.24 of ash 
Ee one : i 5.19 0fash 5.38 of ash 
Silica.... ; 0.09 of ash 






Wells found in the alcohol insoluble residue of the liver tissue of 





a case of acute yellow atrophy the following average percentages 






ER epee ee Oates 19 Phosphorus .. wee 0.50 
WOE ns cccvnn eee ae 1.22 






The Lipins. The total fat in the liver of acute yellow atrophy 






was found to be 2.17 per cent. in Case 1 and 8.32 per cent. in Case 2 





Quincke found 3.0 per cent. and Wells 5.0 per cent. fat in normal 





livers. In acute yellow atrophy, the liver contains a smaller proportion 






11. Von Moraczewski: Ztschr. f. phys. Chem. 23:385, 1896 
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of fat, according to the analyses of Taylor and of Wells. Other 
observers, have, however, reported increased fat content of the liver 
that has undergone acute yellow atrophy. In the fatty degeneration 
of the liver due to phosphorus poisoning, chloroform necrosis, etc., 
high liver fat contents have been found. Table 6 gives the com- 
parison of the fat analysis of such livers by different authors. 

It seems, therefore, that the fat content is not constantly affected 
in this condition. 

The Lipin Partition.—The lecithin fraction was found to be much 
decreased in one case, in this regard confirming a similar finding of 
Wells. The percentage of lecithin in the fresh liver tissue of acute 
atrophy was 0.32 per cent., whereas in normal livers, Wells found 
from 1.4 to 1.6 per cent., being more in the anemic and less in the 
congested liver. In the liver of acute atrophy, Wells found 0.45 pet 
cent. lecithin. In the second case, the lecithin was 0.87 per cent. 


TABLE 6—Fat Awnatysis or Livers 


Per Cent 

Normal liver (Quincke) $0 
Normal liver (Wells ‘ 

Acute atrophy (Perlis S 

Acute atrophy (Perls) , 7.6 
Acute atrophy (v. Starck) ‘ 

Acute atrophy (Taylor) ...... 2.0 
Acute atrophy (Wells) .. ; , 5 
Acute atrophy (Voegtlin) . 26.6 
Acute atrophy (Stadie and Van Slyke) 13.5 
Phosphorus poisoning (v. Starck).... 20.5 
Chloroform necrosis (Wells) : 8.8 
Fatty degeneration (v. Starck) . , 25.0 
Acute atrophy (Kahn), Case 1 2.17 


oe 
The cholesterol content of the acutely atrophied liver of Case | 
was not decreased at all. It was found to be 0.41 per cent. of the 
total liver substance. In normal cases, Wells found from 0.26 to 
0.37 per cent. of cholesterol, and in acute atrophy 0.3 per cent. choles 
terol. In Case 2, the cholesterol amounted to 0.35 per cent. It seems, 
therefore, that in the autolytic process which attacked the liver, the 
lecithin had been destroyed, whereas the cholesterol fraction remained 
unaffected. 

In Case 1, phosphatids were very much reduced. In the dry por 
tion of the liver, we found 7.63 per cent. phosphatids, which is a 
decrease from the normal by about 50 per cent. For example, in the 
dried portion of normal liver, Griniew found 15.9 per cent. phospha- 
tids. This reduction in the phosphatids is also present in tuberculous 
inflammation of the liver, in which case Griniew obtained a phosphatic 
content of 9.5 per cent. of the dry matter of the liver. 

Sulphatids are present normally in the liver, according to our analy 
sis, to the extent of 0.8017 per cent. of the total fresh substance. In 
the liver of acute yellow atrophy, the sulphatids are reduced to 
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0.204 per cent. The sulphatids were determined by the method of 
Koch, slightly modified. The autolytic process, it would seem, breaks 
down these sulphatids and liberates the sulphate ion which unites with 
some of the metallic elements, thus increasing the sulphur content of 
the ash. 

Study of the Nitrogen Fractions.—Wells found in his analysis of 
the proteins of the liver in acute yellow atrophy nitrogen fractions as 
shown in Table 7. (He used Hansmann’s method.) 


TABLE 7.—NitroGen Fractions in Liver 


Acute Normal Normal Chlorofor: 
Atrophy (Anemic Congested Necrosis 
Amid nitrogen 5 3.7 4.8 7) 
Humus nitrogen.. 6 4 4.9 ) 
Diamino nitrogen %.2 32.8 0.0 w0 
Monamino nitrogen 4.8 0 60.2 wo 


According to Wells, “There seems to be present here as Wakema: 
found in his dog’s livers, a decrease in the diamino nitrogen, although 
this is not so striking as in Wakeman’s material.’* Possibly the 
slighter decrease observed in the acute yellow atrophy liver depends in 
part upon an increase in the purins present on account of regenerati\ 
cell multiplication, for in the Hausmann method of determining nitro 
gen distribution, the purins are partly precipitated with diamino com 
pounds. It was impossible to determine the relative proportion after 
the histidin had been separated. However, the proportion of nitroge: 
present in the form of histidin (0.54 gm) to that present as argini 
and lysin (0.94 gm) is larger than the normal proportion, and suggests 
that either the arginin or the lysin, or both, were decreased mucl 
below the normal.” 

From a liver of acute yellow atrophy Wells isolated various amino 
acids, as shown in Table 8. 


TABLE &—Amino-Acips in Liver of Acute Yettow Arroruy 
(sTam- 

Histidin +o . 0.64 
Lysin . 1. 
Tyrosin... . .70 
Luecin. caer ; ‘ 4.16 
Glycocoll... wen : 0.20 
Alanin. ° es ‘ >. 
Pe eencecvcusseuses ‘ 02 
Glutaminie acid.. _— 1.00 
Aspartic acid...... 0.28 

Total oe ; 8.67 


Wells remarks, “The quantities given above indicate nothing as to 
the actual amounts of the free amino-acids that were present in the 
liver, as will be appreciated by anyone who has worked with these 


12. Wakeman: J. Exper. M. 7:293, 1905 
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substances, for our analytic methods are so imperfect that the quantities 
obtained represent merely minimal figures, and account for only such 
quantities of each amino-acid as I could obtain in sufficient purity for 
positive identification. How small a part of the total quantity of 
amino-acids that was really present in the liver is represented by the 
isolated and identified amino-acids, is shown by the fact that the 8.67 
gm. of amino-acids obtained accounts for but about 1.5 gm of nitrogen 
that was present in the liver extracts from which the amino-acids were 
obtained. In the entire material used there was but about 64 gm of 
protein, which would contain about 10 gm of nitrogen; therefore, it 
is noteworthy that nearly one-third of the nitrogen of the liver was in 
a water-soluble, nonprotein form.” 

Leucin, tyrosin, lysin, arginin and aspartic acid have been found 
free in the liver or blood of persons dying with acute yellow atrophy 
or similar conditions. 

\bderhalden and Barker '* found glycocoll in the urine of dogs 
poisoned by phosphorus. Wohlgemuth '* has found glycocoll, alanin 
and arginin in the urine of human beings poisoned by phosphorus. 
Wells found prolin and glutaminic acid free in the liver of acute yellow 
atrophy, and he states that “there is no evident reason why all the 
amino-acids that have been isolated from proteins by Fischer and 
others might not be found in diseased tissue in which autolysis has 


occurred. 





13. Abderhalden and Barker: Ztschr. f. phys. Chem, 42:524, 1904. 

14. Wohlgemuth: Ztschr. f. phys. Chem. 44:74, 1905; Biochem. Ztschr. 1: 
161, 1906 

The following references also may be consulted 

Balthazard: Compt. rend. Soc. Biol. 53:922, 1901. 

Fiessinger: Compt. rend. Soc. Biol. 60:870, 1906 

Guleke: Arch. f. klin. Chir. 83:602, 1907 

Guthrie: Lancet 2:1542, 1906 

Neuberg and Richter: Deutsch. med. Wehnschr. 30:499, 1904 

Orlow: Biochem. Zentralbl. 5:937, 1907 



































FOOD ALLERGY AS A CAUSE OF ABDOMINAIT 
PAIN 


WILLIAM W. DUKE, M.D 


KANSAS CITY, MO 


Severe abdominal pain is a symptom which is never taken lightly 
by a careful physician. It often indicates a severe illness; in fact, 
often indicates an emergency. However, abdominal pain which may 
simulate in some respects the pain caused by serious abdominal disease 
is occasionally the result of hypersensitiveness to a food 

It has been known for a number of years that hypersensitiveness 
to foods may give rise to bronchial asthma and a condition which 
simulates hay fever ; to urticaria, angioneurotic edema, purpura, eczema 
and other dermatoses ; to dyspepsia, gastro-intestinal upsets associated 
with vomiting, diarrhea, gripping pains in the abdomen and mucous 
colitis; to an interesting syndrome of symptoms known as Henoch’s 
purpura, and that with the latter conditions a patient may have severe 
abdominal pain. Abdominal pain occasionally occurs alone, however, 
or rather, tt is occasionally the sole striking symptom of hypersen 
sitiveness to a food. In this case, the real cause of pain may not be 
apparent, and an error in diagnosis can easily be made. It is this 
type of illness that I wish to discuss 

The condition is well illustrated by the case reports. The cases 
have been chosen from a larger number to illustrate typical histories 
of patients who have abdominal pain as the outstanding symptom of 
hypersensitiveness to a food. For this reason only such details a- 
pertain to this subject will be related. 


HISTORY 

The phenomenon of sensitiveness or hypersensitiveness to alien 
matter has been discussed in its relationship to infection and immunity 
for many years. A cutaneous reaction obtained by applying smallpox 
virus to a scarified area on the skin of an immune individual was 
described in detail by Jenner as early as 1789. _ Magendie in 1839, and 
Flexner in 1894, apparently observed anaphylaxis in animals after 
inoculation with foreign material. Their observations were overlooked, 
however, and the subject did not attract much attention in medical 
literature until after the publications of Richet, in 1902. While experi 
menting with a toxin extracted from actinae, Richet found that animals 
inoculated with this poison became unusually sensitive to it—in fact, 
so sensitive that a second dose, too small to be harmful to normal 
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animals, was sufficient to cause certain violent symptoms in animals 
which had previously been inoculated. This peculiar condition Richet 
termed anaphylaxis. 

Following Richet’s work, a number of valuable pioneer contribu- 
tions were made by other observers working independently of Richet 
or along different lines; namely Arthus, in 1903, Pirquet and Schick, 
in 1903, Otto, investigating an observation made by Theobald Smith; 
Rosenow and Anderson, Vaughan, Besredka, Gay and Southard, and 
others. A number of remarkable facts were disclosed, the more 
important of which may be summarized as follows: Certain animals 
(particularly the guinea-pig) when inoculated with an alien albumin 
may become sensitive to that particular albumin. After being sen- 
sitized, future inoculations, instead of being practically harmless, are 
likely to cause violent symptoms of anaphylaxis which frequently result 
in the death of the animal. It was discovered that sensitization occurs 
only after an incubation period of several weeks or months has elapsed, 
that sensitiveness once established is likely to persist for years, even 
throughout the life of an animal; that tle condition can be transferred 
passively to other animals by an inoculation of serum from a sensitized 
animal, that it can be transmitted from mother to offspring; and that 
sensitiveness may be removed quickly and completely by inoculation 
with sublethal doses of the albumin to which the animal is sensitive. 

It was discovered that sensitiveness is remarkably specific for the 
type of proteid used in producing the sensitive state. For example, 
animals inoculated with milk might become remarkably sensitive to 
further inoculations with milk but not sensitive to serum—even serum 
of the same species. Likewise, animals sensitized against egg albumin 
might become sensitive to the particular egg albumin used in making 
the inoculation but not sensitive to other egg albumins nor to the serum 
of the same animals. Animals would be more sensitive to egg albumin 
of closely related species than to the serum of the same animal. 

In 1910, Meltzer made a unique contribution to our knowledge of 
the subject. Comparing the bronchial constriction of asthma with that 
found in animals dying in anaphylactic shock, he suggested that real 
bronchial asthma was nothing more nor less than a phenomenon of 
anaphylaxis. This interesting suggestion attracted a great deal of 
attention, and since then a number of additional conditions have been 
attributed to a disturbed function caused by a remarkable hypersensitive 
state in humans which resembles anaphylaxis in many respects, but 
which seems to be fundamentally a different phenomenon. This state 
is described by more recent writers under the broader term “allergy.” 

The more interesting symptoms of allergy mentioned by Coca, Cook 
and others are, hay-fever, bronchial asthma, chronic joint disease, 
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urticaria, angioneurotic edema, certain eczemas, certain gastro-intestinal 
conditions with symptoms such as abdominal pain, indigestion, vomiting 
and diarrhea and a symptom complex which is generally described 
under the term Henoch’s purpura. 

Whereas anaphylaxis and allergy have features and symptoms in 
common, they seem to be fundamentally different phenomena. This 
fact has been brought out especially by Coca, who mentions the fol- 
lowing striking differences between the two conditions. 

First—The exciting agent of anaphylaxis is always antigenic in 
character. The exciting agent of allergy may or may not be an anti- 
genic substance. (For example, it may be a drug such as arsphenamin 
or acetylsalicylic acid.) 

Second.—Although anaphylaxis may be transmitted from mother to 
offspring, it is not inheritable in the true sense of the word. It is 
always primarily an artificial condition induced by the introduction of 
antigenic substance into the body of some susceptible animal. 

Allergy, on the other hand, is always based primarily on a natural 
inherited makeup. The sensitiveness classed as allergy does not in 
every instance appear to depend on previous contact with an exciting 
substance. An individual, for example, may have a violent allergic 
reaction when he comes in contact with the exciting substance appar- 
ently for the first time. 

Third. —The phenomenon of desensitization which can quickly and 
invariably be brought about in animals with anaphylactic sensitiveness 
is entirely wanting in allergy. The state of reduced sensitiveness 
observed clinically after treatment of allergy by hypodermic injections 
of the exciting agent is never complete nor is it comparable with the 
above. 

For a complete discussion of these many interesting phases of this 
subject the writings of Coca, Cook, Walker, Vaughan, Besredka, Wells 
and others should be consulted. 


REPORT OF CASES 


Case 1.—Male, aged 32, with family and past history negative for hay-fever 
asthma and other symptoms of allergy, had a severe illness at the age of 2, due 
to bee stings. He remembers that since earliest childhood he has invariably 
experienced a severe nonradiating gripping pain in the epigastrium, associated 
with nausea and vomiting, every time he has eaten honey. He has frequently 
tried to eat honey, but found that it invariably caused a severe attack of 
abdominal pain. The pain would start about fifteen minutes after the ingestion 
of honey, and last about three hours. 

Previous Illnesses —The patient has always been well otherwise. He has 
been free from other digestive disturbance and has never noticed other symp- 
toms of allergy either during the attacks described nor between attacks. 

Physical Examination.—Negative, except for chronic ethmoiditis. A cuta- 
neous test made by applying honey to a scarified area on the skin gave a typical 
urticarial wheal about 2 cm. in diameter, which appeared in less than five 
minutes and disappeared after about one-half hour 
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The patient was unwilling to eat honey as a clinical test or to allow a small 
amount to be injected subcutaneousy. 

Case 2.—Patient, male, aged 37, with negative past history, while out camp- 
ing about ten years ago missed two meals and then ate an entire cake of 
honey on an empty stomach without other food. He experienced no discom- 
fort at the time. Two months afterward he observed that whenever he ate honey, 
even in small quantities, he invariably experienced a steady, severe pain in the 
epigastrium, which lasted several hours. ‘This condition has persisted to the 
present time. The pain can be brought on at will by the eating of a small 
amount of honey. 

Previous Illnesses ——The patient gives no further history of dyspepsia, pair 
or symptoms of allergy, except those mentioned. His entire history and physi- 
cal examination is negative, except as mentioned 

On ingestion of one teaspoonful of honey, as a clinical test he had epigastric 
pain which lasted one-half hour. 

A cutaneous test made by applying honey to a small scarified area on the 
skin gave rise in four minutes to a typical itching wheal 0.5 cm. in diameter, 
which persisted for one and one-half hours. 

Case 3.—Male, aged 25, having a family and past history negative for hay- 
fever, asthma, dermatoses and other symptoms of allergy, ate shad roe from 
two to five times a week at lunch for a period of several months. After remov- 
ing to another locality, he did not eat shad roe for a period of about two years. 
He then became subject to occasional attacks of severe nonradiating, steady 
pain in the epigastrium which would develop about fifteen minutes after a 
meal, and last from three to five hours. Occasionally, the pain was associated 
with nausea and vomiting. The pain was so severe as to completely incapaci 
tate him for mental or physical work. Several attacks were followed by tender- 
ness over the appendix, which lasted for about a week. The case was finally 
diagnosed recurrent appendicitis and the appendix was removed. A few adhe 
sions about the appendix were found, together with several concretions in its 
lumen. Similar attacks of epigastric pain occurred after the appendix was 
removed. They differed from the former attacks only in the fact that they 
were not followed by tenderness in the right iliac fossa. Finally, it was dis 
covered that the attacks occurred invariably after the eating of shad roe and 
that if the shad roe was eliminated from the diet entirely no such attacks 
occurred. The patient had not at any time had hives, asthma or other symp 
toms of allergy. 

This sensitiveness has now persisted for more than ten years, but is not so 
marked as it was originally. The ingestion of shad roe at the present time 
causes discomfort in the abdomen and nausea, but not severe pain. 

Physical Examination.—Disclosed nothing of interest in this connection, 
except a moderate grade of ptosis. 

An intracutaneous injection (made recently) with an aqueous extract of 
shad roe gave rise to a cutaneous reaction about 0.5 cm. in diameter. 

Case 4.—Patient, female, aged 45. Her father had autumnal pollen asthma 
until his death several years ago. Her brother had summer and autumnal hay- 
fever and also eczema on the hands until he was forced to leave this climate. 

Previous Illnesses —The patient gives no history of hay-fever, asthma, eczema 
nor other symptoms of allergy. Eight years ago abscess of the appendix formed 
and was drained. Five years ago she had an infected gallbladder, which was 
removed. One year after this, for the first time in her life, she began having 
indigestion, the outspoken symptom of which was a severe steady pain in the 
epigastrium, which would come on every day about one-half hour after eating. 
and last from one to three hours. It was often associated with vomiting. She 
found by experience that the pain was relieved to a certain extent by lavage. 
The patient had been dieted and treated without relief for several months 
before coming under my observation. The history was otherwise negative or of 
no interest in this connection. 
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Fig. 1—Positive cutaneous and intracutaneous tests. The two tests were 
made at the same time by applying honey (above) to a scarified area on the 
skin, and (below) by inoculating 0.02 mg. of honey intradermally. Both reac- 
tions appeared in less than four minutes. itched intensely and disappeared after 
about one and one-half hours. 
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Physical Examination—On examination was found a slight grade of oral 
sepsis, slight general abdominal tenderness, high grade ptosis, adhesions about 
the pyloric end of the stomach very evident by roentgen-ray examination and a 
bulb deformity, due evidently to adhesions. Examination was otherwise nega- 
tive or of no interest. 

Careful dietary and intracutaneous tests proved the patient to be sensitive 
to lactalbumin, beef proteid and egg white. Tests made by applying the above 
proteins in dry powdered form to a scarified area on the skin were negative. 
However, intracutaneous injection of the proteins mentioned gave rise in a 
few moments to typical wheals about 0.5 cm. in diameter. Subcutaneous inocu- 
lations with small amounts of milk, egg white and beef serum, used subse- 
quently in therapy, frequently gave rise to attacks of abdominal pain and 
vomiting similar to those of which the patient complained originally. The 
ingestion of a small amount of beef, milk and egg white, taken as a clinical 
test, in each instance gave rise to attacks of abdominal pain and vomiting, which 
came on within less than one-half hour and lasted from one to three hours. 
Other foods tested in this way caused little or no distress when she was on a 
diet free of egg, milk and beef proteins. 

The patient was treated with subcutaneous inoculations of beef, milk and egg 
white (increasing from 0.001 mg. to 1 mg.) over a period of two months. She 
did not at any time during this treatment have hives, asthma, or other cutaneous 
or respiratory symptoms of allergy. A number of reactions, however, confined 
her to bed several hours with abdominal pain, vomiting and general malaise. 

At the end of two months her sensitiveness had been reduced to such an 
extent that she was tolerant of the small amounts of milk and eggs used in 
the cooking of ordinary foods, so that she has been able since treatment (now 
two years) to live in comfort on an ordinary diet when she simply avoids the 
drinking of considerable amounts of milk and the eating of eggs or beef. 

Intracutaneous tests with lactalbumin, beef proteins and egg white at the 
present time give definitely positive reactions. 

Case 5.—A man, aged 44, with uninteresting family and past history, began 
having dyspepsia and attacks of abdominal pain about six years before coming 
under observation. His dyspepsia had been practically unremitting during this 
entire period. He was subject to attacks of pain in the epigastrium, which 
would come on from two to four hours after eating, and last from six to thirty- 
six hours. At times, the pain was so severe as to completely incapacitate him 
He was subject also to dyspepsia, the symptoms consisting of discomfort in the 
epigastrium, sour eructations, bloating and occasionally nausea, vomiting and 
diarrhea. He was subject to hives early in his illness. After these had per- 
sisted off and on for several months, he discovered that he coud keep himself 
relatively free of hives if he eliminated milk from his diet. Before coming 
under my observation he had discovered that he felt better and had less abdom 
inal pain and dyspepsia when he avoided both beef and milk. 

Physical Examination.—The subsequent course of the disease disclosed only 
three pathologic conditions of interest, namely, stone in the left ureter. gall- 
stones and sensitiveness to milk and to beef serum. Intracutaneous tests with 
whole milk and beef serum gave rise to characteristic wheals about 1 cm. in 
diameter. 

The patient was put on a diet free of milk and beef. While on this diet 
he seemed very comfortable. While on a beef and milk free diet he was able 
to eat without trouble such foods as green vegetables, condiments, nuts, etc., 
which had previously caused discomfort. He was finally given a meal containing 
a little rare meat as a test. He experienced pain after this meal, which started 
after about six hours, and lasted about thirty-six hours. He refused to try 
further experiments of the sort. 

The patient was then given a course of inoculations with beef serum and 
skimmed milk (from 0.001 mg. to 1 mg.) over a period of six weeks. At the 
end of this time he was able to take small amounts of beef or milk by mouth 
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without discomfort and without the appearance of hives. He was then put on 
a bland diet with gradually increasing quantities of milk, until finally he was 
able to take 1% quarts daily without discomfort. 

Intracutaneous tests are now (two years later) still positive for lactalbumin 
and beef albumin. 

The subsequent history of the case is of no interest in this connection. The 
kidney stone passed and the gallstones were removed by operation. 

Case 6.—Female, aged 51, referred by my office associate, Dr. L. S. Milne, 
had consulted him on account of severe attacks of abdominal pain purpura 
and angioneurotic edema. Her mother was subject to asthma late in life. Her 
father and a paternal uncle and aunt were subject to attacks of hives and 
angioneurotic edema, resembling the attacks complained of by the patient. 

Previous Illnesses——The patient had been subject to asthma fifteen years ago; 
she had had stomach and intestinal trouble during her entire life, and she had 
discovered many years ago that she was unable to eat several foods without 
becoming violently ill. Those of which she was most certain were rice, beef, 
milk and eggs. She tested herself under a physician’s advice by eating a small 
amount of rice. Within a few moments she experienced a sensation of extreme 
weakness, followed in less than one-half hour by abdominal pain, which was 
agonizing, with nusea, vomiting, diarrhea and mucus stools. A few hours later 
she had an attack of hives, angioneurotic edema and subcutaneous hemor- 
rhages. She believed similar symptoms had been caused on different occa- 
sions by the ingestion of meat and milk, but that they had not appeared so 
quickly. 

The history was otherwise uninteresting, except in that several years pre- 
viously, in search of relief, the appendix and ovaries had been removed. The 
symptoms were not noticeably changed by this. 

Physical examination disclosed several abnormalities which were of little or 
no interest in this connection; namely, a slight grade of arthritis, irregular 
pupils, a slight grade of hypertension with cardiac hypertrophy, a slight trace 
of albumin in the urine, and a suspicious Wassermann reaction. 

Cutaneous tests for sensitiveness were made by applying the powdered pro- 
teids of milk, egg, rice, asparagus, cabbage, bean and potato to a scarified area 
on the skin, but gave practically no reaction. Intracutaneous tests, however, 
made with casein, lactalbumin, egg white and the proteids of rice, cabbage, 
beans and potato gave rise immediately to wheals from 1 to 2 cm. in diameter, 
surrounded by large erythematous areas. Within twenty-four hours, the wheals 
reached the diameter of from 2 to 5 cm. and large areas of angioneurotic 
edema appeared on the left hand and hip. After a second twenty-four hours, 
the wheals disappeared. A few hours later the patient experienced abdominal 
pain which required one-half grain of morphin for relief. During the attack, 
there was slight distension of the abdomen, extreme general abdominal ten- 
derness and muscle spasm. The abdominal muscles were held rigidly on 
account of the pain. The pulse was accelerated, but the temperature and leu- 
kocyte counts were normal, Roentgen-ray examination of the stomach during 
the attack showed the same general features observed at a previous examination 
when she was free from pain, except for the fact that there was an increase in 
tone and an increase in the number and depth of the peristalic waves. 

A second attack, similar in every detail and in time, was brought on a 
week later by the injection of 0.01 mg. of lactalbumin. 


This case of Henoch’s purpura probably does not belong exactly in 
the same clinical group as those previously reported. It is described 
for the purpose of showing how violent may be the gastric and cuta- 
neous reactions caused by the ingestion or injection of proteins to which 


an individual is hypersensitive. 
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DISCUSSION 

I do not wish in this paper to discuss broadly the subject “allergy.” 
I wish, rather, to confine my discussion and report to the concise fact 
that a reaction caused by hypersensitiveness to a food can give rise to 
severe abdominal pain, and that pain may be the prominent, and often 
the sole striking manifestation of the reaction. The abdominal symp- 
toms of the reaction may be very violent, and can easily be mistaken 
for those caused by a serious abdominal lesion. 

I have observed a number of patients who have been sensitive to 
one or more of the following foods: egg white, egg yolk, shad roe, 
lactalbumin, casein, beef, pork, honey, strawberries, lettuce, almonds, 
beans, onions, cabbage, rice, potatoes, tomatoes, paprica and pimento, 
and who have invariably had an attack of severe abdominal pain when- 
ever they have eaten the foods to which they were sensitive. In the 
majority of the cases pain appeared soon after ingestion of the food 
and lasted from three to six hours. In several cases, however, it did 
not appear for from three to twenty-four hours, and in these cases, 
it lasted much longer. In a majority of the cases pain was associated 
with nausea and vomiting, less frequently with indigestion, bloating, 
diarrhea, and mucus stools, and much less frequently with hives, angio 
neurotic edema and purpura. 

The pain complained of was evidently the result of a reaction 
caused by contact between the gastro-intestinal mucosa and the food 
product to which it was sensitive. This contact gave rise to gastro- 
intestinal symptoms in much the same way that contact of the mucous 
membrane of the respiratory tract with a pollen to which it is sensitive 
gives rise to symptoms of hay-fever or asthma. In other words, the 
pain and other gastro-intestinal symptoms described seem fundamen- 
tally analogous in pathogenesis to the symptoms hay-fever and asthma, 
An attack of asthma can be brought on in a sensitive individual by a 
subcutaneous injection of the pollen to which he is sensitive. Analogous 
to this, several of the patients had gastro-intestinal pain after sub- 
cutaneous injections of an extract of the food to which they were 
sensitive. 

An experience of interest in this connection might be mentioned 
here showing that allergy, caused even by the injection of pollen extract 
in the treatment of hay-fever and asthma, can cause abdominal pain 
as part of a general reaction. A minority of patients who suffer from 
asthma and hay-fever complain of dyspeptic symptoms which appear 
at the beginning of the hay-fever season each year and disappear with 
the first frost. Occasionally, such a patient experiences abdominal 
pain in addition to the ordinary dyspeptic symptoms. One such patient, 
while under treatment with pollen extract, experienced abdominal pain 
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after each inoculation of pollen, which was so severe that he refused 
treatment after the third inoculation on this account. The pain was 
severe, steady, nonradiating and localized in the epigastrium. It 
appeared a few minutes after each inoculation and lasted several hours. 
It was not accompanied by other symptoms of allergy; in fact, in this 
case it was the sole manifestation of reaction to the pollen. 

It is interesting to mention that among the patients having food 
allergy observed by me, nearly 50 per cent. had demonstrable pathologic 
lesions in the alimentary tract or in its appendages. These lesions were 
recurrent appendicitis, gallstones, duodenal ulcer, dense adhesions and 
extreme ptosis. Food allergy, like other forms of allergy, is, perhaps, 
primarily dependent on an inherited constitution which renders the 
individual susceptible of becoming hypersensitive to certain alien sub- 
stances. It seems quite possible, however, that an abnormality in the 
alimentary tract may be a contributory factor in the etiology of this 
type of case 

It is furthermore of interest to note the fact that in two cases 
attacks of acute appendicitis, which required surgical intervention, 
followed attacks of food allergy. While it is hardly justifiable to draw 
conclusions from two cases, it is justifiable to say that alimentary 
allergy is a very real cause of gastro-intestinal turmoil. It may cause 
violent muscular contractions, pathologic secretions, edema of the 
mucous membrane and local anemia. It is very reasonable to suppose 
that this may occasionally set up infection and inflammation and give 


rise to serious disease in the alimentary tract or in its appendages. 


DIAGNOSIS 


In the diagnosis of alimentary allergy as the cause of abdominal 
pain, the history of the case is all important. If a patient invariably 
has pain and other gastro-intestinal symptoms after eating certain 
articles of food, and is at other times free of digestive disturbances, 
the diagnosis is simple and easy. If, with this, there should be other 
manifestations of allergy, such as hives, angioneurotic edema, or 
asthma, the diagnosis is comparatively certain. It can further be 
verified in the great majority of cases by the use of intracutaneous 
tests with the suspected proteids. Skin tests in this particular type of 
allergy are not always so clearly positive as they are in hay-fever and 
asthma, but in almost every case characteristic wheals can be obtained if 
intracutaneous tests are made with the correct proteins. 

In making a diagnosis of food allergy it is not advisable to accept a 
patient’s statement for the fact that the eating of a certain food 
invariably causes abdominal pain. Patients are often mistaken about 
this. It will often be found on putting them to a test and having 
them eat the suspected food that it causes no disturbance whatever. 

When an individual is hypersensitive to an uncommon article of 
diet, such as shad roe or honey, the diagnosis of the condition is 
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easy and is often made by the patient himself. He usually gives a 
history of occasional attacks of pain and vomiting, which last a few 
hours, and usually states that he is free of digestive disturbance at 
other times. When he is sensitive to a common food, such as eggs or 
milk, however, the diagnosis may be very difficult. Milk and eggs are 
used so commonly in cooking, that a patient who is highly sensitive to 
either one may be in a reactive state almost constantly, and may have 
such symptoms as pain after eating, nausea, vomiting, bloating and 
indigestion almost every day. He may be unable to place the blame on 
any one particular food. The diagnosis may be doubly difficult because 
of the fact that the gastro-intestinal mucous membrane, when in a 
chronically reactive state, is often very irritable, with the result that 
rough, or stimulating, foods, such as coarse vegetables, fruits, nuts, 
condiments, alcohol, ete. irritate the stomach and augment the symp- 
toms. This usually leads a patient to place the blame for his trouble on 
foods of this variety rather than on the primary offenders, milk ot 
eggs. It is in cases of this type that cutaneous tests have their greatest 
sphere of usefulness. One can occasionally discover the offending 
proteid by having the patient eliminate first one and then another com 
mon article of diet for a period of a week or more. By keeping careful 
notes, he may be able to discover on which diet he is most comfortable 
and then by eating a suspected food determine whether or not it 
actually causes distress. This method of diagnosis may be very slow, 
however, and may even fail utterly should the patient be sensitive 


to two or more common articles of food 


CUTANEOUS TESTS 

Cutaneous tests are not essential to the diagnosis of food allergy 
when an individual is sensitive to one unusual article of diet, such as 
honey or shad roe, and has pain soon after the eating of certain foods. 
In cases of this sort, the diagnosis can usually be made without a 
cutaneous reaction. The great sphere of usefulness for cutaneous 
tests is in patients who are sensitive to a common article of diet, such 
as milk or eggs, or who are sensitive to several articles of diet, or 
for patients who have delayed reactions and experience no discomfort 
for a number of hours after the ingestion of a food. For the correct 
and prompt diagnosis of cases of this type cutaneous tests are 
indespensable. 

Several methods of making cutaneous tests are now being used 
\ method described by Walker is the simplest and most convenient 
It consists of applying the suspected proteids in dry powdered form to 
a scarified area on the skin and placing on this a small drop of tenth 
normal sodium hydroxid solution. The appearance of a wheal indi 


cates a positive reaction. 
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This method is very satisfactory in the majority of hay-fever and 
asthma cases. It failed almost completely, however, in a number of 
cases of food allergy observed by me which gave very large wheals 
after intracutaneous injections of a solution of the suspected proteids. 
Intracutaneous tests are not so handy as the scarification method 
because of the fact that test solutions tend to lose their potency and it is 
quite difficult and laborious to keep a large number of potent solutions 
on hand. I have used a very simple means of making intracutaneous 
tests. It can be carried out accurately without much trouble or expense. 


INTRACUTANEOUS METHOD 


Place about 0.1 mg. of each of the suspected proteids (in dry powdered 
form) to be used in the tests on a large sterile plate. One-tenth mg. of a 
powdered protein can be guessed at crudely as the amount of powder which 
can be taken up easily on the end centimeter of a Peerless round wood appli- 
cator. To each proteid add 0.1 c.c. of physiologic sodium chlorid solution 
(distilled water will not dissolve globulin). Stir each carefully with separate 
wooden applicators until the proteids go into solution. Draw up the first 
solution to be used in a tuberculin syringe armed with a small needle, and 
inject intracutaneously 0.02 c.c. (0.02 mg. of proteid). Wash the syringe care- 
fully in each of three separate vessels containing sterile physiologic sodium 
chlorid solution, numbered 1, 2 and 3. If care is used, the last washing should 
remove every trace of proteid used in the previous test. The same syringe may 
then be used for the second test, and the same wash waters can be usd several 
times, that is, if the vessels are always used in rotation according to their 
numbers—1, 2 and 3. 


This method has several advantages. First, it is likely to give a 
larger number of definite positive reactions than scarification tests. 
Second, dry proteins keep indefinitely. Third, it is simple. 

The scarification and intracutaneous methods are compared in 
Figures 1 and 2. Figure 1 represents a patient (Case 1) on whom the 
two methods gave exactly the same result. Figure 2 represents a 
patient (Case 6) on whom a cutaneous test was practically negative, 
whereas an intracutaneous test gave rise immediately to a definite 
wheal. 

In a normal person nothing striking follows an intracutaneous injec- 
tion of a foreign protein. If an individual is inoculated with a proteid 
to which he is sensitive, however, in a few moments a wheal will 
usually appear which varies in size from 0.5 to 2 cm. or more. in 
diameter. The wheal is usually paler than the skin, usually shows 
pseudopod-like projections, is often surrounded by an_ irregular 


erythematous area, and often itches intensely. 

The wheal usually appears and reaches its minimum size within 
a few minutes. It may not reach its maximum size for several hours, 
however. If it appears quickly, it usually disappears within one or 
two hours. If it reaches its maximum more slowly, it usually lasts 
much longer. 
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Cutaneous tests are not so striking in the average case of food 
allergy as they are in patients who have hay-fever and asthma. In the 
pollen cases, the scarification method is almost always adequate, and, 
as a rule, gives rise to a large wheal within a few minutes if the correct 
pollen is used. In food cases, however, an intracutaneous test is very 
often necessary for a convincing reaction 


TREATMENT 

The treatment of food allergy may be considered from three points 
of view. First, removal of the cause; second, protein treatment ; third, 
symptomatic treatment. 

Removal of the cause is very simple when a person is sensitive to a 
rare article of food, such as honey, shad roe, strawberries, beans or 
paprica. Nothing is easier than to instruct a patient to cease eating 
such articles and to live in comfort. When an individual is sensitive 
to a food used so commonly in cooking as eggs or milk, however, 
removal of the cause is by no means easy. Unfortunately, a person is 
often so highly sensitive that a mere trace of the food to which he is 
sensitive suffices to make him miserable. He may find it necessary to 
be constantly on the lookout to avoid taking such a trace unknowingly. 
For this reason, protein therapy in a case of this sort is advisable. It 
must be mentioned here that in treating a case of this type, it is not 
necessary to obtain complete desensitization in order to relieve the 
patient. Complete desensitization may not be possible, and an effort 
to attain this result may not be advisable or really very desirable. If 
a patient's sensitiveness is reduced to a point where he can simply 
tolerate the small amounts of the food which are used in cooking other 
foods, he can, with a little care, live a life of comfort. For example, if 
a patient were sensitive to casein, and his sensitiveness were reduced to 
such a point that he could tolerate the amount of casein encountered in 
ordinary cooked foods, such as bread. cake. potatoes, etc., he could, by 
avoiding the drinking of milk and the eating of foods consisting chiefly 
of milk, live in comfort. It is not possible here to discuss broadly the 
subject of protein therapy. For this the many splendid articles already 
published should be consulted. 

As symptomatic or temporary measures might be mentioned a bland 
diet, such as that used for hyperacidity, avoiding, of course, the proteins 
to which the patient is sensitive ; sodium bicarbonate, in doses sufficient 
to reduce hyperacidity ; atropin, and in the severer cases, removal of 
the exciting agent by gastric lavage and purgation and epinephrin or 
morphin subcutaneously, if needed. 


SUMMARY AND CONCLUSION 
It is well known that humans and animals may become sensitive to 
alien bodies of many varieties. When this is the case, they react when- 
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ever they come in contact with the body to which they are sensitive. 
The gastro-intestinal mucosa may become hypersensitive to an article 
of food with the result that the patient experiences severe abdominal 
pain, often associated with nausea and vomiting, whenever he eats the 
food to which he is sensitive. These alimentary symptoms are in many 
cases the sole striking manifestations of the reaction. Individuals sen- 
sitive to uncommon articles of diet, such as shad roe, lettuce, honey, 
strawberries, cabbage, tomatoes, paprica, etc., usually give a history of 
occasional attacks of abdominal pain and digestive upset. They are, 
as a rule, free of digestive disturbance between attacks. Individuals 
sensitive to the commoner articles of food, such as milk or eggs, have 
more frequent attacks of pain and are often subect to chronic indiges- 
tion as well. 

The symptoms of food allergy may simulate somewhat those of a 
surgical lesion in the abdomen, and an error in diagnoses can be made 
unless this condition is kept in mind. 

Food allergy was observed more frequently in individuals who had 
organic lesions in the gastro-intestinal tract or in its appendages than 
it was in normal persons. 

Food allergy had acute appendicitis as a sequel in two cases, and 


surgical intervention was required. 
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PHENOLS IN THE URINE IN PELLAGRA* 


M. X. SULLIVAN anv PAUL R. DAWSON 
SPARTANBURG, S. C. 


Indican, taken as a measure of putrefaction in the intestines, has 
been reported repeatedly in the urine of persons suffering from 
pellagra.' 

Myers and Fine, working in cooperation with the Thompson- 
McFadden Commission, concluded that indicanuria is excessive in the 
cases with gastric inefficiency. Hunter, Givens and Lewis, however, 
showed that gastric inefficiency is only one of the factors involved in 
indican formation. A very important factor is to be found in the 
patient’s diet—the tendency to excessive indican formation being 
greater on a meat diet. They showed further that the existence of 
pellagra is compatible with any degree whatever of indican production, 
even none at all, and that indicanuria, undeniably a common feature of 
the disease, is by no means, an essential one. 

That indicanuria is not an essential factor in pellagra is also shown 
by the findings of Goldberger and Wheeler. Thus, in 1915, Gold- 
berger and Wheeler * showed that pellagra could be produced experi- 
mentally in previously healthy human subjects by feeding a restricted 
one-sided, mainly cereal diet of the type found to be associated with 
a high incidence of pellagra. The urine of their subjects* on the 
pellagra producing diet, though in some cases, occasionally showing 
indican, was, on the whole, predominantly free from indican. 

Though indican has been reported in pellagra, especially on a meat 
diet, little attention has been paid to the products of intestinal putre- 
faction, such as the phenols. As to the phenols, Folin and Denis * 
say: As an index or measure of such putrefaction, the phenol products 
determined by our scheme of analysis may fairly be considered at 
least as important as the indican determinations, which heretofore, 
have been used almost exclusively as measures of intestinal putre- 





faction. 


*From the U. S. Public Health Service. 

1. Marie: Pellagra, translated by Lavinder and Babcock, Columbia, S. C., 
p. 186, Translator’s Note. Tucker: J. A. M. A. 56:246, 1911. Lavinder: A 
Précis, Public Health Bull., 48, 1912. Myers and Fine: Am. J. M. Sc. 145: 
705, 1913. Hunter, Givens and Lewis: Bull. 102, I], Hygienic Lab. Washing- 
ton, D. C., 1916. Wilson and Roaf: Report of a Committee of Inquiry Regard- 
ing the Prevalence of Pellagra Among Turkish Prisoners of War, Cairo, 
Egypt, 1918. 

2. Public Health Reports 30: No. 46, Nov. 12, 1915. 

3. Bull. 120, Hygienic Lab., Washington, 1920. 

4. J. Biol. Chem. 22:309, 1915. 
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In 1920, determinations were made on the urine of the patients at 
the Pellagra Hospital for phenols, total, free and conjugated. The 
patients with a few exceptions were rather mild though distinct cases 
of pellagra. Three types of diets were employed: (1) Standard, 
which was a broad nourishing diet; (2) Rankin Farm experimental 
diet, plus milk, which contained the ingredients employed by Gold- 
berger and Wheeler in producing experimental pellagra in man 
with the addition of sweet milk; (3) Rankin Farm experimental diet 
plus reconstructed skimmed milk made from skimmed milk powder 
These diets were employed at the hospital by Wheeler, in the study 
of the value of sweet milk and powdered skimmed milk in the treat 
ment of pellagra. These diets, qualitatively, are as follows: 


STANDARD RANKIN FARM 
Cereals (rice, oatmeal) Biscuits 
Bread (corn, wheat, soda biscuits Fried mush 
Milk (sweet and buttermilk) Grits 
Meats (chicken, beef, pork, lamb) Brown gravy 
Fish Corn bread 
Eggs Sweet potatoes 
Bananas, prunes, apples, or oranges Cabbage 
Tomatoes, Irish and sweet potatoes, greens, Turnip tops 
peas and beans Rice 

Coffee and sugar Sugar 

Sirup 

Coffee 


Sweet milk in diet (2) 
Reconstructed skimmed milk 
in diet (3) 


The determination of the phenols in the twenty-four hour urine 
was made according to the colorimetric method of Folin and Denis.° 
Of the twenty-four hour urine, 10 c.c. were placed in a 50 c.c. volu- 
metric flask. To this urine were added about 10 c.c. of a 5 per cent 
silver lactate solution in 5 per cent. lactic acid. A few drops of 
colloidal iron were then added and the mixture shaken well and then 
made up to a volume, and filtered. The filtrate, thus freed from uric 
acid and traces of protein, was freed of silver by precipitation with 
a saturated solution of sodium chlorid containing 10 c.c. of con- 
centrated hydrochloric acid per liter, and filtering. Of the clear filtrate, 
suitable aliquot samples were measured out with a pipette for 
determination of the free and total phenols. The amount used would 
vary with the degree of dilution of the material, but in most cases 
25 c.c. were satisfactory. For determination of free phenols this 
amount was transferred to a large test-tube, 15 drops of concentrated 
hydrochloric acid added, a few beads, and the mouth of the tube 
closed with a small funnel. The contents of the tube were then brought 


5. J. Biol. Chem. 12:239, 1912; 22:306, 1915. 
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to boiling over a free flame and heated for ten minutes in a boiling 
water bath. After cooling, the preparation was transferred to a 
100 ¢.c. volumetric flask. 

To another 100 ¢.c. volumetric flask was added accurately 10 or 
20 c.c. of the phenol standard. This standard consisted of a solution 
of 0.581 gm. resorcinol in 1 liter fifth normal hydrochloric acid, as 
recommended by Benedict and Theis,® and is stated by them to be 
equivalent in color production to a pure phenol standard of 0.500 gm. 
per liter.” To the free phenol preparation in the 50 c.c. flask was 
added 5 c.c. of the phenol reagent of Folin and Denis, and 15 c.c. of 
the saturated solution of sodium carbonate; and to the total phenol 
preparation and standard in the 100 c.c. flask was added 10 c.c. of the 
phenol reagent and 25 c.c. of the saturated solution of sodium carbo- 
nate. The preparations, after thorough mixing, warming up slightly 
on a water bath, standing about twenty minutes, and making up to 
volume, were filtered and compared in the Duboscq colorimeter. The 
results were calculated in the usual manner, taking into consideration 
the strength of the standard, the difference between the volumes of 
the free phenol preparation and the standard, and the proportion of 
the original volume of material represented by the sample. The results 
for the estimation of phenols in the urine of pellagrins, of seven non- 
pellagrous subjects under observation in the hospital, and of two 
normal nonpellagrous workers in the laboratory are given in Tables 1, 
2, and 3, respectively. No tests were made on the phenol content of 
the feces for, as shown by Folin and Denis,* the phenol content of the 
feces is small in comparison to the phenol content of the urine. 

The data given in Tables 1, 2, and 3, show that, as a rule, the phenol 
excretion (total, free, and conjugated) by the pellagra patients studied 
does not surpass that of the controls, though three subject cases 
(45, 47, and 49) did show an increase in urinary phenol. Between 
the active pellagra stage and the convalescent stage, likewise, there is, 
as a rule, very little difference. Two subjects (Cases 51 and 58) 
give a greater excretion of total phenol in the convalescent stage than 
in the active period; but this difference is explained by the fact that 
in the active pellagra period the patient suffered from diarrhea. The 
percentage of conjugation is, as a rule, practically the same for the 
patients in the pellagra stage and in the convalescent stage when they 
were about to be discharged and for the normal people. 

Of the sixteen patients listed in Table 1, eight were males, eight were 


females. The average excretion of phenols in the males in the active 


6. Benedict and Theis: J. Biol. Chem. 36:95, 1918. 

7. By direct color comparison with a standardized solution of pure phenol, 
the resorcinol standard made by us was found to be equivalent to 0.5788 gm. 
phenol per liter. The cause of this discrepancy has not been determined. 

8. J. Biol. Chem. 26:507, 1916. 
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stage is 0.417 gm.; by the females, 0.276 gm. The average total nitro 
gen of the twenty-four hour urine is 9.044 gm. for the males, and 
6,337 gm. for the females. It would seem, then, that as shown by 
Folin and Denis the phenol excretion tends to be higher, the higher the 
protein intake. Similarly, there is a tendency, on the whole, for a 
greater excretion of phenols on the more generous Standard diet than 
on the Rankin Farm diet plus milk. However, when the total nitrogen 
and phenols of the active pellagra stage are compared, with the total 
nitrogen and phenols of the convalescent stage, it may be seen from 
Table 1 (a and b average figures) that, on the whole, there is but little 
increase of total phenols with the increase in total nitrogen. 

The nonpellagrous group in Table 2, with malnutrition and skin dis- 
sases not pellagrous, had a lower excretion of phenols than the true 
pellagra patients and than the normal people. This lower excretion 
of total phenols by Group 2 may be explained by the facts that, with 


TABLE 3.—PHeENots 1n Urine or NorMat INDIVIDUALS 
Volume Total Total Free Conju Per 
Subject of Nitrogen | Phenols, Phenols, gated Cent 
Urine, of Urine, Gu Gm Phenols, Const 
C.e. Gm Gm gation 
1. Active healthy adult.. 740 9.771 D 0.134 0.158 “1 
8380 11.917 0.308 0.175 0.128 42.1 
2. Active healthy adult.. 1,370 11.174 0.340 0.186 0.104 45.2 
1,420 11.431 0.276 0.158 0.118 42.6 
1,800 12.386 0.249 0.145 0.104 41.6 
| 1,550 12.357 0.31 0.184 0.129 41.1 
1,300 15.2138 470 0.226 0.244 51.9 
| 890 12.900 0.297 0.183 0.114 38.4 
—— -~-- -——- | = —_—_ — — — — — —_—_—_— — 
Average..... | 1,244 12.144 0.318 O.174 0.144 44.6 
! 








the exception of Subject 64, a man, 75 years of age, these subjects 
were females, and were also on a lower level of protein metabolism 
and, what was probably of greater influence on the urinary phenol, had 
more or less looseness of the bowels 

Folin and Denis have shown that from 0.3 to 0.5 gm. total phenols 
in a twenty-four hour quantity of human urine is not abnormal. On 
the basis of the conclusion, we should judge that in three out of sixteen 
cases, or approximately 19 per cent., there was an increase in total 
phenols in the active stage of pellagra and that in the other cases the 
phenol excretion was well within normal limits. 

Of the fourteen cases in which the urinary phenols were deter- 
mined from entrance to discharge from the hospital, seven (Cases 51, 
53, 62, 68, 70, 74, and 76) show a varying degree of increase in the total 
phenols of the urine on discharge as compared with that on entrance ; 
six (Cases 47, 49, 55, 56, 59, and 63) have a varying degree of decrease 
at discharge as compared with entrance; while one subject (Case 67) 
has the same quantity of total phenols in the urine at discharge as at 
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entrance. The conclusion may be drawn, then, that there is little 
correlation between the extent of phenol excretion in the urine and 
the pellagrous condition. 

(Of the sixteen cases listed in Table 1, the urine of twelve was 
tested for indican by Miss Catherine Marden of this station. Ten 
gave a very marked test for indican in the active pellagra period and 
are listed as having an increased formation of indican. It would seem 
that while the phenol excretion in the urine is in the main normal, there 
is a tendency for increased formation of indican. The generally normal 
phenol excretion with the tendency to increased indican excretion would 
imply that whatever putrefaction occucs in the intestines of pellagrins 
takes place rather high up in the intestines, as suggested by Myers and 
Fine. 

CONCLUSIONS 

The general conclusion as to the phenol excretion of the pellagra 
patients studied by us, mild cases for the most part, is that there is 
little variation from the normal either in amount of total phenols or in 
percentage of conjugation. Only three out of sixteen patients showed 
an increase in phenols in the active stage of the disease. There is 
some evidence that the phenols are increased with increased protein 
metabolism. 

Of twelve cases tested for indican, ten gave a marked test. What 
putrefaction occurs in pellagra on the diets employed seems to take 
place rather high up in the intestines. 








tt tema 


es 








THE BASAL METABOLISM AND THE SPECIFIC 
DYNAMIC ACTION OF PROTEIN IN 
LIVER DISEASE * 


JOSEPH C. AUB, M.D. ann JAMES H. MEANS, M.D. 


BOSTON 


Much study of the liver has shown that it has so large a factor of 
safety that even when quite severely injured by disease it is still 
capable of performing its metabolic functions adequately. These 
studies have nearly all been made from the point of view of excretion, 
however, and but little work has been done on the speed of absorption 
and the utilization of foods in liver disease. With the disturbances of 
circulation found in cirrhosis, and the marked loss of liver tissue, it 
seems reasonable that, at least, the speed of utilization of foodstuffs 
might be delayed. This can best be studied by the respiratory 
metabolism, and in this paper, therefore, the question of total 
metabolism and of utilization of protein in liver disease is discussed. 

The specific dynamic action of protein is a term first given by 
Rubner’ to the increase in total heat production which follows the 
ingestion of large quantities of protein. Various explanations of this 
fact have been offered, but the work of Lusk? has shown that amino- 
acids stimulate the body cells to increased heat formation. By feeding 
glycocoll to a phlorhizinized dog, he showed that the breakdown and 
metabolism of the acids themselves is not the cause. The total caloric 
content of the glycocoll was recovered in the urine as glucose and 
urea, but there was still a distinct specific dynamic action elicited, 
which must have been a response of the cells of the organism. This 
work has been confirmed by Grafe.* That this stimulation was not 
dependent on the mass of striated muscle nor on the surface area was 
suggested by Aub and DuBois,* who studied the effect of large quan- 
tities of meat on a legless man and an achondroplastic dwarf. These 
subjects with normal torsos, but reduced muscle area, responded with a 

*From the Medical Service of the Massachusetts General Hospital and the 
Medical Department of the Harvard Medical School, aided, in part, by a grant 
from the Proctor Fund, Harvard University 

1. Rubner, M.: Die Gesetze des Energieverbrauchs bei der Ernahrung. 

2. Lusk, G.: Animal Calorimetry; An Investigation into the Causes of the 
Specific Dynamic Action of the Foodstuffs, J. Biol. Chem. 20:555, 1915. 

3. Grafe, E.: Beitrage zur Kenntnis der Ursachen der specifisch dyna 
mischer Wirkung der Eiweisskorper, Deutsch. Arch. f. klin. Med. 118:1, 1915. 

4. Aub, J. C.. and DuBois, FE. F.: The Basal Metabolism of Dwarfs and 


Legless men, with Observations on the Specific Dynamic Action of Protein, Arch. 
Int. Med. 19:840 (June) 1917. 
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relatively greater increase of metabolism than did the normal controls. 
This suggested that the effect might be located in the viscera. 

DuBois * also showed that the specific dynamic action of protein 
was normal in exophthalmic goiter and in cretinism, the rise of 
metabolism being normally superimposed on the abnormal basal rate. 
Work reported in this article confirms this observation for hyperthy- 
roidism. These results suggest that the thyroid gland is not the seat 
of the dynamic action. 

A third possible organ for the origin of this specific dynamic 
action is, of course, the liver. There is some evidence brought forward 
by Salaskin® and Jansen,’ and better work by Loeffler* and Van 
Slyke ® that the liver is able to transform amino-acids into urea. But 
Loeffler *° has also shown that fasting livers, perfused with a nitrogen- 
free solution, may form urea. This makes conclusions from this type 
of work questionable, although Loeffler still believes that urea is 
formed in the liver from some amino-acids. Fiske and Sumner,” 
however, have shown that urea may be formed from amino-acids in 
an organism with the liver eliminated, which suggests that urea forma- 
tion from amino-acids is not confined to the liver. 

There has been much study of the metabolism in liver disease, from 
the point of view of amino-acid assimilation and excretion. Bergell 
and Blumenthal '* found no reduced catabolism of amino-acids other 
than leucin and tyrosin in a case of acute yellow atrophy. Feigl and 
Luce ** carefully studied a case of acute yellow atrophy and observed 
a marked negative nitrogen balance as well as an increased excretion 
of amino-acids in the urine. The interesting case of yellow atrophy 
studied by Stadie and Van Slyke * showed a marked increase of amino- 


5. DuBois, E. F.: Metabolism in Exophthalmic Goiter, Arch. Int. Med. 
17:915 (June) 1916. 

6. Salaskin, S.: Ueber die Bildung von Harnstoff in der Leber der Sauge- 
theire aus Amidosauren der Fettreihe, Ztsch. f. physiol. Chem. 25:128, 1898 

7. Jansen, B. C. P.: The Function of the Liver in Urea Formation From 
\mino-Acids, J. Biol. Chem. 21:557, 1915. 

8. Loeffler, W.: Ueber Harnstoffbildung in der isolierten Warmbliiterleber, 
Biochem. Ztschr. 76:55, 1916. 

9. Van Slyke, D. D.: Significance of the Amino-Acids in Physiology and 
Pathology, Arch. Int. Med, 19:56 (Jan.) 1917. 

10. Loeffler, W.: Desaminierung und Harnstoffbildung in Tierkorper, 
Biochem. Ztschr. 85:230, 1918. 

11. Fiske, C. H., and Sumner, J. B.: The Importance of the Liver in Urea 
Formation from Amino-Acids, J. Biol. Chem. 18:285, 1914. 

12. Bergell, P. and Blumenthal, F.: Ueber akute gelbe Leberatrophie. 
Charité Ann. 30:19, 1906. 

13. Feigl, J.. and Luce, H.: Neue Untersuchungen tiber akute gelbe Leber- 
atrophie, Biochem, Ztschr. 79: 162, 207, 1917. 

14. Stadie, W. C., and Van Slyke, D. D.: The Effect of Acute Yellow 
\trophy on Metabolism and on the Composition of the Liver, Arch. Int. Med. 
25:693 (May) 1920. 
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acids in the urine and blood. These authors suggest that deamination 
and urea synthesis is incomplete without the liver, but may still occur 
to a considerable degree. Glaessner ** used abnormally high amino- 
acid nitrogen excretion as a liver function test, but his methods were 
criticized by Masuda,"® who did not get nearly as striking results in his 
tests. Ishihara *’ produced chronic phosphorus poisoning in the dog 
and found no noteworthy change in amino-acid excretion as long as 
the animals would eat. Levene and Van Slyke** found a normal 
amino-acid excretion in the urine of two cases of cirrhosis and in dogs 
poisoned with chloroform, and with chlorotorm and_ phosphorus 
Marshall and Rowntree '* observed an increase in the nitrogen in the 
last stages of phosphorus and chloroform poisoning in dogs, but they *” 
report only slight increases in amino-acid nitrogen in both urine and 
blood in cases of liver insufficiency. Work along these lines, therefore, 
has given varying results, but the distinct impression remains that the 
cleavage of amino-acids is not entirely normal, though striking changes 
are seen only in very severe liver insufficiency. 

While urinary and blood studies, therefore, have given rather con- 
flicting results, no one, so far as we know, has studied the response of 
the total metabolism to protein feeding in liver disease. This is the 
best method, in our opinion, for studying the beginning of the utiliza- 
tion of ingested protein, for Lusk? and Csonka*' have shown that 
the rise in heat production approximately parallels the speed of amino- 
acid metabolism, and Janney,** has shown that the rate of protein 
metabolism seems practically identical with that of amino-acids. In 
undertaking our experiments, therefore, it seemed reasonable that if 
there is a delay or an abnormal response in protein metabolism, it 
might be demonstrated by the respiratory exchange. Human subjects 
with advanced liver disease, with portal obstruction, and obstruction in 
the bile passages were studied. No cases of acute yellow atrophy or of 


15. Glaessner, K.: Functionelle Priifung der normalen und pathologischen 
Leber, Ztschr. f. exper. Path. u. Therapie 4:336, 1907. 

16. Masuda, N.: Ueber die Ausscheidung verfiitterter Aminosauren bei 
Leber und Stoffwechselkrankheiten, Ztschr. f. exper. Path. u. Ther. 8:629, 1910. 

17. Ishihara, H.: Ueber die Stickstoffverteilung im Hundeharne bei sub- 
chronischer Phosphorvergiftung, Biochem. Ztschr. 41:315, 1912. 

18. Levene, P. A., and Van Slyke, D. D.: Gasometric Determination of 
Free and Conjugated Amino-Acids in the Urine, J. Biol. Cliem. 12:301, 1912. 

19. Marshall, E. K., and Rowntree, L. G.: Studies in Liver and Kidney 
Function in Experimental Phosphorus and Chloroform Poisoning, J. Exper. 
Med. 22:333, 1915. 

20. Chesney, A. M., Marshall, FE. K. and Rowntree, L. G.: Studies in Liver 
Function, J. A. M. A. 63:1533 (Oct. 31) 1914. 

21. Csonka, F. A.: Animal Calorimetry: The Rate at Which Ingested 
Glycocoll and Alanine Are Metabolized, J. Biol. Chem. 20:539, 1915. 

22. Janney, N. W.: A Note on the Rate of Metabolism of Proteins and 
Amino-Acids, J. Biol. Chem. 22:191, 1915, 
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phosphorus poisoning could be investigated. This is to be regretted, 
for these types of liver disease give the most striking changes in 
protein metabolism. Cases as uncomplicated as possible were chosen, 
and it was to be expected that the ability to utilize, as well as the speed 
of utilization, of protein foods could thus be studied. Miller and 
Schultz ** have assumed that much of the protein absorbed when there 
is obstruction of the portal circulation is poured into the ascitic fluid 
and then reabsorbed into the blood stream by way of the peritoneum. 
lf this is true, one would expect a delay in the appearance of the 
dynamic action, and a reduction of its intensity. The work here 
reported was undertaken to study the response to protein-rich meals 
by patients with severe liver disease, and the results have shown that 
they react in an essentially normal way. 


METHODS 

The total metabolism was studied with a Benedict universal respira- 
tion apparatus by the methods previously described in papers from this 
laboratory.** *° The data obtained included the oxygen absorbed and the 
carbon dioxid eliminated over experimental periods of about ten min- 
utes duration. The basal figure is the average of repeated basal deter- 
minations made, usually, the day before the test meal, but the other 
figures in the charts are from single observations. Urinary nitrogen 
determinations were made by the Kjeldahl method. These analyses 
were made always in duplicate, usually in triplicate. The total calories 
used and the percentage of utilization of carbohydrate, fat and protein 
were calculated from the carbon dioxid and the oxygen exchange, and 
the nitrogen eliminated in the urine.*® All figures and calculations 
have been checked carefully. 

3ecause of the delay in nitrogen elimination, as discussed in a paper 
by Aub and DuBois,* it seemed wiser to take the maximum rate of 
urinary nitrogen elimination as the index of protein metabolism after 
meat ingestion. This was done because there is much evidence to show 
that the normal stimulation of metabolism by protein is at its height 
within two hours after eating, but that the maximum nitrogen excretion 








23. Miller, L. R., and Schultz, O.: Klinische, physiologische, und patho- 
logisch-anatomische Untersuchungen an einem Fall von hochgradigem Ascites 
bei Pfortaderthrombose, Deutsch, Arch. f. klin. med. 76:544, 1903. 

24. Means, J. H.: Studies on the Basal Metabolism in Obesity and Pituitary 
Disease, J. M. Research 27:121, 1915. 

The case of W. K. was studied by the Tissot method at the Peter Bent 
Brigham Hospital.. We wish to take this occasion to thank Dr. Cyrus Sturgis 
and Miss Edna Tompkins for making the respiratory determinations on this 
patient for us, and Dr. Reginald Fitz for the chemical analyses. 

25. Lusk, G.: A Respiration Calorimeter for the Study of Disease, Arch. Int. 
Med. 15:793 (June) 1915. 
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may not occur for six hours after the meal.** When compared with the 
cases of Aub and DuBois, the nitrogen and the sulphur excretion in 
the cases of liver disease did not differ from the normal response. 

With one exception, the subjects all ate, approximately either 350 
or 500 gms. lean beefsteak, separated from all fat and gristle. The 
steak was finely chopped and cooked as meat balls, without butter. 
With it was served a very little stewed tomato, and water. Gigon ** 
claimed that the specific action did not vary directly with the amount 
of protein eaten. The normal controls, however, give a direct basis 
of comparison for the ingestion of either 350 or 500 gms. meat. 

The actual figures of our experimental data are not given in this 
paper, because of their very large bulk, and because we feel that the 
graphic presentation of the experiments while more compact is of 
equal value. The summary tables, however, are given. 


HISTORIES 

The histories of the cases studied are here given very briefly. In 

the hospital they were studied with great thoroughness, but only 
positive and pertinent findings are here recorded. 


Control 1.—J. J. T. (W. S. 214,249”) was a young man, aged 24 years, who 
had had an operation for inguinal hernia ten days before study. His con- 
valescence had been uneventful, and we, therefore, considered him normal, 
except that he had been bedridden. 

The other controls (Nos. 2, 3, 4 and 5) were doctors and medical students 
working in the hospital. They were all normal men and in fair physical 
condition, 

Two exophthalmic goiter patients were studied in relation to other work 

Case 1.—(6) E. T. B. (E. M. and W. S. 213,101), aged 35 years, was a man 
with moderately severe exophthalmic goiter of six years’ duration. His case is 
reported fully by Means and Aub” as Case 137, and by Means™ as that of Mr. 
E. T. B. 

Case 2 (7).—W. H. (W. M. and W. S. 210,852), aged 22 years, was a man 
with exophthalmic goiter who was still very toxic in spite of a ligation of 
the superior thyroid arteries done at the Mayo Clinic. This is Case 83 of 
Means and Aub. He was operated on after the tests that are reported here. 
and one month after removal of a large part of the thyroid his metabolism 
was normal. 

Cases of Liver Disease —All of these patients were men except Nos. 11 and 12 
26. Williams, H. B., Riche, J. A. and Lusk, G.: The Metabolism of the Dog 
Following the Ingestion of Meat in Large Quantity. J. Biol. Chem. 12:349, 1912. 

27. Gigon,’ A.: Ueber den Einfluss der Nahrungsaufnahme auf den Gas- 
wechsel, Arch. f. physiol. 140:544, 1911. 

28. All numbers following the initials of patients refer to the Massachusetts 
General Hospital records, except Case 16, who was a patient at the Peter Bent 


Brigham Hospital. 

29. Means, J. H., and Aub, J. C.: The Basal Metabolism in Exophthalmic 
Goiter, Arch. Int. Med. 24:645 (May) 1919 

30. Means, J. H.: M. Clin. N. America 1099 (January) 1920 











uss 10 OSB) B SEM da pue 9 : SISOYSIID $s jouRH yo au0 qd  SISOYIIID {j1ea jo aseo Be SEM t B14 


























wa “OH OO¢ 























s 

















sict 





WH “Oo OSE 


0% > SL 


Ov OS! 


























re 








182 ARCHIVES OF INTERNAL MEDICINE 


Case 3 (8).—H. H. H. (E. M. 210,905) was a married negro, aged 42. His 
occupation was that of restaurant chef. 

For the past seven years, he had had occasional gastro-intestinal upsets with 
gnawing epigastric pain and nausea every few months after indiscretions in 
diet. They were relieved by vomiting and sodium bicarbonate. Five weeks 
previously these had become very frequent. Three weeks previously the pain 
had shifted to the right side, and a constant dull ache remained which extended 
into the back and occurred with deep inspiration. There were then no more 
gastro-intestinal symptoms. Bowels had been regular and the urine normal. 
He said that he had lost 13 pounds weight in the last six months. He had 
never been a heavy drinker. 

The physical examination was negative, except for marked pyorrhea. The 
left pupil was larger than the right; both pupils were slightly irregular. Liver 
dulness extended from the fifth rib to 6% cm. below the costal margin. The 
edge was sharp and tender. 

Laboratory Findings.—Roentgen-ray examination showed no positive evidence 
of gallstones. Urinary examination showed a very slight trace of albumin, and 
red blood cells, a few leukocytes, and no casts in the sediment. Thirty-five 
per cent. phenolsulphonephthalein was excreted in two hours. No autolysis of 
the blood clot. The Wassermann test was strongly positive. The blood pressure 
was 115/70. In the specific dynamic action test, the patient could eat only 170 
gm. meat, and felt that this distressed him. 

He left the hospital unoperated, with the diagnosis of syphilis of the liver. 
He died three weeks later. His rapid death suggests a new growth rather 
than syphilis of the liver. No necropsy was obtained, so that the diagnosis is 
somewhat in doubt. 

Case 4 (9).—T. J. J. (E. M. and E. S. 213,698) was a cabinet maker, aged 
51, married, who had drunk ten glasses of ale a day as well as two or three 
brandies a week for years. Four months before entry he had had a sharp pain 
on the right side of the epigastrium, radiating to the midline, which was so 
severe that it doubled him up. Two days later he became jaundiced. Since 
that time he had lost 20 pounds in weight. 

Physical examination showed that the patient was very jaundiced; the liver 
was easily palpable 4 cm. below the costal margin, with a rounded edge, and a 
smooth, not tender surface. 

Laboratory Findings —Bleeding time, three minutes. No autolysis of blood 
clot in twenty-four hours. The stools showed a positive guaiac test twice. The 
gastric test meal gave a negative guaiac test. Urinary examination showed no 
albumin, bile + +, and many casts in the sediment. Blood pressure, 100/62. 

Following our studies an operation was performed. A hard, scirrhous type 
of cancer was found at the junction of the cystic and common bile ducts, and 
there was marked backing up of thick bile. The duct and gallbladder were 
drained. 

Diagnosis —Carcinoma of the bile passages. 

Case 5 (10).—E. H. DeC. (E. M. 211,730) was a weaver, aged 29 years, 
who until shortly before entry had drunk three or four glasses of gin and from 
six to seven glasses of beer daily, and excessively every Saturday night. 
Eleven weeks before entry, a pain started in the upper abdomen which was 
severe at first, but which became gradually sharper and constant. For ten 
weeks he had had gradually increasing jaundice with six clay colored stools a 
day. He had lost 20 pounds in weight and was growing rapidly weaker, in 
spite of an excellent appetite. 

Physical examination showed a very poorly nourished but well developed 
man, who was markedly jaundiced. His heart rate was 44 per minute. Liver 
dulness extended from the fourth intercostal space to 2% cm. below the costal 
margin. The edge was easily felt, and was hard, smooth, slightly rounded and 
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not tender. The gallbladder was also palpable. The patient’s weight fell in 
one week from 108 pounds to 99 pounds while he was in the hospital. 

Laboratory Findings.—Roentgen-ray examination of the gallbladder and 
gastro-intestinal tract showed no definite lesion. Cardiac study showed brachy- 
cardia to be the only abnormality. Urinary examination showed the slightest 
possible trace of albumin, bile + + + + in two examinations, and a negative 
sediment. The stools showed a guaiac test +++ in four examinations. 
Vomitus gave a positive guaiac test. Blood pressure, 105/50. 

Subsequent History—After leaving the Massachusetts General Hospital, the 
patient was operated on at the Lawrence Hospital. The operation showed sar 
coma of the pancreas and obstruction of the bile duct. Sarcomatous nodules 
later appeared on the body. The patient died at the end of January, 1917. 

Case 6 (11).—N. P. (E. M. and E. S. 311,013) a married housewife, aged 
53 years, had her menopause two years before entry. Ten years before entry 
she had had a typical gallstone colic which had recurred several times since 
then, but never with jaundice. Since a typical attack, six weeks before entry, 
she had had dull pain. 
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Fig. 5.—Both records were made of cases of cirrhosis. In the upper record, 
the curved continuous line is the sulphur execretion per hour. 


Physical examination showed nothing remarkable, except that liver dulness 
extended from the fifth rib to 5% cm. below the costal margin. The edge 
could be felt as slightly tender and sharp. 

Laboratory Findings.—These were all negative, except for a positive guaiac 
test in the gastric contents. 

Following our study Dr. F. G. Balch operated and found a thickened gall- 
bladder with two large stones. The liver was large, dark colored, and felt 
granular. The pylorus was thickened, but no definite lesion was found. 

Diagnosis.—Gallstones. 

Case 7 (12).—M. F. (FE. M. and E. S. 212,732) was a housewife, aged 28 
years. Three years before entry, after her last baby was born, she was 
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jaundiced for one week. Five weeks later, she had a sharp pain in mid 
epigastrium, with nausea, vomiting and slight jaundice. These attacks recurred 
very frequently. One and one-half years before entry she was operated on, 
and a gallbladder filled with stones was removed. The wound was drained 
for five weeks before healing and from that time on, fluid accumulated gradually 
in the abdomen. For the past ten months her abdomen had been tapped every 
two or three weeks. She had no pain, felt well and continued to work. 

Physical examination showed that there was a slight jaundice of the sclerae; 
that the abdomen was very full of fluid; that there was slight edema of the 
legs; and that there were a few internal hemorrhoids. 

The patient was tapped three times in two weeks, 17 pints of fluid being 
obtained each time. After tapping, the liver edge could be felt as rounded, 
lobulated, and hard, slightly tender, and descending on respiration. 

The laboratory findings were all negative, except that the blood pressure 
was 105/75, and that the stools showed a faintly positive guaiac test once in 
four observations. The ascitic fluid showed a specific gravity of 1,016 and 
1.018, 160 cells per c. mm., of which 54 per cent. were epithelial, 72 per cent. 
lymphocytes, and 14 per cent. neutrophils The chemical findings of the fluid 
were reported as Cases No. 27 and 28, Table 1, by Denis and Minot.” 

Following our studies, Dr. Daniel Jones operated and found the liver very 
hard, not enlarged, lobulated, but not granular. It felt like the knuckles of 
the hand. The vessels of the portal system were enormously distended. There 
were many adhesions all over the liver and about the portal vein, and a very 
vascular omentopexy. The spleen was hard and large. 

The patient was discharged unrelieved, with a diagnosis of cirrhosis of the 
liver. She died soon afterward. 

While no corroboration of the diagnosis can be given, the case is very 
similar to those described by Hoover ™ of obstruction of the portal vein. 

Case 8 (13).—F.'S. (E. M. 214,524) was a meat cutter, aged 45 years. Since 
he was 18 years old he had drunk one or two quarts of gin, whiskey or brandy 
each day, and occasionally even more. Six years before entry his abdomen had 
became swollen, but returned to normal size without treatment. For the past 
three years he had been jaundiced after unusual drinking bouts. For the last 
year he had felt tired and had lost about 20 pounds in weight, and occasionally 
he had vomited. Two months before entry, he had been jaundiced for a short 
period. There had been no swelling of the abdomen. 

Physical examination was negative, except that the liver dulness extended 
from the fifth rib to 4 cm. below the costal margin; the edge was palpable. 

Laboratory Findings—No autolysis of blood clot in forty-eight hours. 
Poorly digested food was found in the sediment of the stools. There was no 
blood present. The temperature varied between 98 and 99.5 F. 

The case was considered an early cirrhosis of the liver, before severe 
symptoms developed. 

Case 9 (14).—F. B. C. (W. M. 212,049) was an unmarried travelling sales- 
man, 27 years. Four years before entry, he had had an attack of jaundice 
without other symptoms. He recovered from this in four weeks, but had 
always been more or less yellow ever since the attack. Two years before entry 
he had been acutely ill with chills, fever, malaise, jaundice and clay-colored 
stools, and was in a New York hospital for sixteen weeks. There he developed 
red, swollen joints and one knee had since that time been stiff and deformed. 
He had never had any other gastro-intestinal disturbances and had lost no 
weight. 

31. Denis, W., and Minot, A. S.: The Nonprotein Constituents of Edema 
Fluids, Arch. Int. Med. 20:879 (June) 1917. 

32. Hoover, C. F.: Obstruction of the Hepatic Veins, J. A. M. A. 74:1753 
(June 26) 1920, 
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Physical examination showed marked jaundice. The abdomen was full, 
tympanitic, and was held so rigidly that the liver edge could not be felt 
Liver dulness extended from the third costal interspace to 2 cm. below the 
costal margin. The right wrist and left knee had limited motion, said by an 
orthopedic consultant to be the result of infection. 

Laboratory Findings—Roentgen-ray examination of the gallbladder gave no 
evidence of stone. Hypertrophic changes were found in the joints. The urine 
showed a small trace of albumin, and bile +. Red blood cells were seen twice 
in the sediment, but a culture was negative. No autolysis of blood clot. The 
stools showed a positive guaiac test twice, a negative test once; bile was 
present; microscopic examination showed excess of fatty acids and soaps. 

Diagnosis (by Dr. Roger I. Lee).—Hanot’s cirrhosis, apparently secondary 
to a localized infection in the biliary passages. 

Case 10 (15).—A. L., (E. M. 179,058) was a married Italian laborer, aged 
51 years, who had drunk four or five glasses of whiskey and three or four 
glasses of beer a day for twenty years. The patient had been in the hospital 
five years «fore with a diagnosis of advanced cirrhosis of the liver and acute 
infection. ife then had to be tapped three times in twenty-five days. During 
that period at the hospital he was operated on and an omentopexy was per 
formed. Since then he had been tapped frequently but the ascitic fluid con 
tinued to recur with increasing rapidity. The liver at the time of operation 
was found to be small and hobnail in character. 


TABLE 1.—Basat Metarotism Data or NorMAL CONTROLS 


Percentage Variation from 
Subject’s | Total Normal] Standards 
Number and Height Weight Calories’ - —. --—— 
Initials per Hour DuBois Harris 
Surface Area Benedict 
Formula Tables 


1m 
178 
176 
170 
187 


Average deviation 


Physical examination showed a very poorly nourished and jaundiced Italian 
with slight dyspnea, whose teeth were in very poor condition. Heart measure- 
ments, 6 cm. to right of midsternal line, 15% cm. to left in the fourth inter 
space. The sounds were of good quality. The abdomen measured 116% cm., 
the chest 88% cm. There were signs of much fluid in the abdomen and the 
veins were markedly dilated. In the legs also the veins were dilated. 


Laboratory Findings——Urinary examination was negative, except that bile 
was present. No autolysis of blood clot in twenty-four hours. The nonpro 
tein nitrogen of the blood was 36 mg. per 100 c.c. The patient was tapped 
eleven times in seventy-five days and an average of 7 pints of fluid was 
obtained, which showed a specific gravity of about 1.015, about 40 cells per c 
mm., most of which were lymphocytes. Thorough chemical studies of the 
ascitic fluid are reported by Denis and Minot in Table 2 of their paper. These 
studies show that the concentration of urea, uric acid, and cholesterol in the 
fluid could be influenced by changes in diet. 

Impression—A case of very severe alcoholic cirrhosis of long duration. 

Case 11 (16).—W. K. (Brigham Hospital, 22,290) was a laborer aged 65 
years, who had acquired syphilis eleven years before entry. For the past two 
years he had had nocturia, from 2 to 4 times. All of his teeth had been 
extracted two years before, but he had never had false teeth, Two weeks 
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before entry be noticed that his abdomen was swollen. He had no pain and 
continued to work. He was easily tired, however, and had considerable cough- 
ing at night. Both legs seemed swollen at that time. 

The patient showed considerable loss of weight, edema of the feet and 
ankles, and a marked ascites. Peripheral vessels showed marked arterio- 
sclerosis. 

The patient was tapped and 8 liters of ascitic fluid were obtained. The liver 
and spleen could not be felt. 

Laboratory Findings.—Roentgen-ray examination of the lungs showed 
adenopathy in hilus regions, and mottling of both lungs. 

After tapping, the fluid did not recur, and the patient was discharged 
relieved, with a diagnosis of alcoholic cirrhosis of the liver, arteriosclerosis, 
ascites and question of pulmonary and peritoneal tuberculosis. 

Impression.—This case gave the impression of being a fairly severe cirrhosis 
with the first signs of liver insufficiency. 

Case 12 (17).—E. M. (E. M. and E. S. 210,942) was a married man, aged 54 
years, with no occupation. He had drunk from one-half to one pint of gin and 
whiskey every day for twenty years, but for the past ten years he had drunk 
very little. A year before entry his abdomen had become large, but it dimin- 
ished in size after rest and treatment. Three months before entry it again 
became swollen, and in the last two weeks had markedly increased in size. He 
had had edema of the legs for three months, and of the scrotum for four days, 
and had lost much weight. He had never been tapped. 

Physical examination showed a very thin man. The sclerae were possibly 
slightly yellow. The arteries weve sclerotic, and the brachials tortuous. The 
abdomen was full of fluid. The veins of the abdominal and chest walls were 
markedly dilated. 

The patient was tapped and 16% quarts of ascitic fluid were taken from the 
abdomen. The edge of the liver could not be felt after this. Six days later the 
abdomen was again filled as at entrance. 

The patient was operated on by Dr. E. P. Richardson. About 3 gallons of 
yellow, serous fluid were evacuated. The liver was contracted and hobnail in 
type. The spleen was twice its normal size. The stomach appeared normal. 
Omentopexy was performed. 

Laboratory Findings.—Examination of the blood showed a red cell count of 
3,500,000; 80 per cent. hemoglobin; moderate achromia; 35 mg. nonprotein 
nitrogen per 100 c.c. blood. Autolysis of blood clot was negative once, but 
positive once in forty-eight hours. In the ascitic fluid there were 45 cells per 
c.mm. of which 60 per cent. were lymphocytes and 36 per cent. endothelial cells. 
The chemical analysis of the fluid is reported as Case 6 in Table 1 by Denis 
and Minot. 

The patient died October 17. Necropsy (3646) showed: Chronic interstitial 
hepatitis ; slight hypertrophy of spleen; ascites; slight icterus; chronic pleuritis ; 
hemorrhagic edema of lungs; slight arteriosclerosis; operation wound, 
omentopexy. 

Case 13 (18).—S. B. (E. M. 210,639) was a married cobbler, aged 38 years, 
with moderate habits. Four weeks before entry, he had chills and fever for 
one day, with a cramplike constant pain which did not radiate, in the right 
hypochondrium. He had had no pain since then, but his legs had become swollen 
and the abdomen distended, and for two weeks he had been jaundiced. 

Physical examination showed the patient to be slightly cyanotic. His 
abdomen was distended and there were signs of the presence of much fluid. 
There was marked edema of the legs and thighs.. The heart was felt in the 
fourth interspace, 14 cm. to the left of the midsternal line. Its sounds were 
regular and normal, except for a slight blowing systolic murmur at the apex, 
which was transmitted slightly to the axilla. 

Laboratory Findings.—Roentgen-ray examination showed the heart shadow 
to be within normal limits. Phenolsulphonephthalein test showed 30, 55, and 
51 per cent. respectively to be excreted in two hours. Twenty-seven mg. non- 
protein nitrogen per 100 c.c. were found in the blood. Two urinary examina- 
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tions showed the slightest possible trace of albumin. The blood pressure was 
145 systolic. 

Subsequent History.—The patient was discharged, but reentered the hospital 
two weeks afterward because of recurring edema of the legs and abdomen. 
Dr. D. L. Edsall in a note in the record stated that he thought the case was 
one of polyserositis, and that the liver trouble was more important than the 
cardiac condition. When the patient was tapped Oct. 26, 7000 c.c. fluid were 
obtained. This was turbid, and had a specitic gravity of 1.011. It contained 
350 cells per c.mm. of which 62 per cent. were small lymphocytes. A guinea-pig 
inoculated with the fluid developed tuberculosis of the spleen. The chemical 
analysis of the fluid is reported as Case 9, Table 1, in the paper by Denis and 
Minot. 

October 30 the patient grew irrational, his intestines were dilated and there 
were signs of fluid in the pericardium. He died the same day. A necropsy was 
refused. 

First Diagnosis.—Cardiac decompensation (slight), and question of cirrhosis 
of the liver. 


TABLE 2.—Basat Metasotism Data 1n Liver Diseast 


Percentage Variation fron 





Patient's Total Normal Standards 
Number and Height Weight Age Temp., Calories -— 
Initials F per Hour DuBois Harris 
Surface Area Benedict 
Formula Tables 
8. H.H. H. 170.0 62.5 a2 7.6 70.4 6 13 
% T.J.d. 167.2 58.2 = | 8.2 66.1 | ri 17 
10. E. H. DeC. 168.0 16.0 2y 6.6 61.7 | 7 2 
iu. BP. 143.5 53.0 ox 7.6 45.6 | ; 
12. M. F.° 154.3 : a) 0 53.8 | 4 
13. F.S. 175.0 45 4 65.5 | +o 9 
4. F. B.C. 180.5 7 7.0 81.2 8 
6. A! 163.5 51 4 71.0 86] 1 4 
168.5 l “6 M4 it ) 
16. W.K. 169.0 “i v7 55.5 | l I 
17. E. M. 177.5 fv] ws Z| 18 il 
is. S. B. 164.0 a] 75.2 + 0 1 
ma Fe 170.0 2 7 74.5 13 +15 
l 7 


Average deviation 


* Females. 


Diagnosis at Death.—Multiple serositis, ascites, left hydrothorax. 

Case 14 (19).—F. P. (W. M. 213,436) was an unmarried butcher, aged 22 
years. Fifteen months before he was operated on for gangrenous appendix. 
Three months later two ribs, a portion of the abdominal wall, and a wedge of 
the liver were removed, because of actinomycosis. At the time of this study he 
had a typical case of acute catarrhal jaundice, of one month's duration, from 
which he was beginning to recover. 

Diagnosis.—Acute catarrhal jaundice 


DISCUSSION 
The Basal Metabolism.—Several publications by Grafe** showed 
that in animals with Eck fistula with the circulation of the liver cut off 
[1]** or whose liver had been removed, [2]** the total metabolism was 


33. (1) Grafe, E. and Fischer, F.: Der Einfluss der Leberausschaltung auf 
den respiratorischen Stoffwechsel. Deutsch. Arch. f. klin. Med. 108:516, 1912 
Das Verhalten des Gesamtstoffwechsel bei Tieren mit Eck’scher Fistel 104:28, 
1911. (2) Grafe, E., and Deneke, G.: Ueber den Einflus der Leberextirpation 
auf Temperatur und respiratorischen Gaswechsel, Deutsch. Arch. f. klin. Med. 
118:249, 1915. 
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reduced as much as one third. With this drop in metabolism, however, 
there was a distinct fall in temperature which alone might cause a 
similar drop in heat production. The animals with the liver removed 
lived at most only fifteen hours. If the liver is essential to a normal 
basal metabolism, then very severe liver disease might show abnormal 
values. 

In Tables 1 and 2 are summarized our data for basal metabolism. 
rhe usual procedure was followed in all these cases—the subjects had 
not eaten for fifteen or eighteen hours, and the tests were made only 
after complete muscular relaxation of more than half an hour’s dura- 
tion. The twelve cases of liver disease are described in the case his- 
tories. The patients all had distinct involvement of the liver, most of 
them with very advanced disease and severe symptoms. They were 
chosen largely because of their varied types of disorder. It was thought 
best to report the variations by both the DuBois “* and the Harris- 
Benedict ** standards, but the average by both methods is well within 
the normal limits. By the DuBois method, only two cases are really 
outside normal! limits, and this may be explained by factors other than 
the liver. E. M. was very emaciated and had far advanced cirrhosis 
a man who, because of his emaciation alone, should have had a reduced 
metabolism. F. P., a nervous, high-strung young man, should normally 
have had a slightly elevated metabolic rate. Therefore, it seems justi- 
fiable to conclude that the basal metabolic rate in liver disease is normal, 
and that either the liver is not an important regulator of the metabotic 
rate, or that, even in severe disease, it is adequate to accomplish this 
function. 

Response to a Protein-Rich Meal.—The reactions of metabolism 
after the ingestion of large quantities of meat are best shown in Tables 
3 and 4, and in the charts in which are graphically portrayed the height 
of metabolism and the duration of the experiment. It is readily seen 
that in all but three cases, the response to protein food is quite similar 
to that in the normal individual. The elevation of metabolism occurs 
as rapidly as in normal cases when there is portal obstruction with 
rapidly recurring ascites, and also with very severe liver disease, with 
practically complete bile duct obstruction. Tests in two cirrhosis cases 
and in one case of gallstones failed to show any specific rise of 
metabolism. As there was no marked rise in the urinary output of 
nitrogen, it may be assumed either that the protein was not being 


34. (1) Gephart, F. C, and DuBois, E. F.: The Basal Metabolism of Normal 
Adults with Special Reference to Surface Area. Arch. Int. Med. 17:902 (June) 
1916. (2) Aub, J. C.. and DuBois, F. F.: The Basal Metabolism of Old Men, 
Arch. Int Med. 19:831 (June) 1917. 

35. Harris, J. A.. and Benedict, F. G : Biometric Standards. Publication No 
279, Carnegie Inst. Washington. 
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absorbed, or that possibly, which is unlikely, it was being deposited. 
One of these patients (A. L.) later showed a quite normal response, 
and so it is very likely that these three cases were due to faulty absorp- 
tion resulting from the venous congestion of cirrhosis. It is difficult to 
explain any lack of absorption of protein as being due to gallstones. It 
is of interest that A. L., who showed no marked!y increased nitrogen 
excretion or specific dynamic action after his first test meal, did show a 
distinct increase in the protein content of the ascitic fluid after the meal. 
This suggests that part of the protein escaped into the peritoneal cavity 
to be reabsorbed, as Miller and Schultz believe.** In order to catch a 


TABLE 5.—Catorte [Ncrease Perk Hour Arter Meat Test 


Protein Calories Total Calories Ratio of 
Average Total 
Patient's Number - - Increase 
and Initials to 
Basal Maximal Inerease Basal Maximal! Increase Protein 


Increase 


Controls 
J 





» @e@e Bae 15.48 17.05 1.57 84.90 19.43 12.31 
. Bao 12.00 M15 22 83.00 3.67 O17 
i. Be Ge dee 14.82 35.08 20.56 89.02 15.18 0.73 
10.07 26.72 16.05 84.45 10.28 0.62 
‘. J.BLA 10.26 22.37 12.11 33 80.99 10.66 0.88 
5 FR. 16.06 30.83 14.77 71.31 83.44 12.13 0.82 
hk xophthalmie Goiter 
Mie We MO ccesacors 10.66 42.09 31.42 ° 96.09 110.45 14.36 0 46 
To We Ee ove . 13.57 40.24 26.67 90.68 105.09 14.41 0.54 
Liver Disease 
S$ aaa 6.95 16.62 9.67 70.41 74.72 4.31 0.45 
oS FwaAh€ ‘ 6.68 3.14 O51 w.10 81.09 14.00 0.57 
A B.. Bes BOO, cc0se 8.51 32.61 24.10 61.73 78.51 16.78 0.70 
nan. Be 3.82 19.50 15.77 45.45 58.77 5 32 0.34 
12. M. F.* di 6.0 134 6.52 53.84 65.16 11.32 1.73 
iz. F.S8.. : 7.02 22.77 15.15 65.49 83.48 17.99 1.19 
4. 6F. B. 12.25 25.61 13.36 81.45 97.55 16.10 1.20 
m AcBas 6.15 12.72 5.57 71.06 71.96 0.90 0.16 
Vo 16.73 6.90 M.42 71.72 15.30 2.21 
6. WK 16.35 24.26 7.91 55.51 60.50 13.99 1.76 
1 E.M 5.14 10.23 uw 57.12 8.01 1.79 0.25 


* Females. 


possibly delayed response this test was repeated, and four and one-half 
hours after the test meal a definite specific dynamic action was found. 
In this case, therefore, a delayed response is suggested. In all the 
jaundiced cases, the dynamic action is quite normal. This agrees with 
the findings of Glaessner.** 

It is very difficult to find a satisfactory way of comparing the 
intensities of the dynamic action. The most logical method seems to be 


the ratio: otal calories mereas*_ for this should show the total response 
Protein calories increase 
for each extra calorie of protein metabolism. This ratio gives similar 


response in all cases (Table 5), except in one normal control, J. J. T., 
where the response is far too great for the protein increase. In the 
remaining tests, the highest ratios are in the cases of cirrhosis. The 
two cirrhosis tests with low ratios showed practically no response to 
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the protein meal and therefore can hardly be counted in this regard 
The other five tests suggest that in cirrhosis the dynamic action is high. 
The partition of foodstuffs utilized is not very clear-cut, and varies 


markedly in the different experiments. ©n the whole, however, the 


grams of carboliydrate utilized are increased at the expense of fat 
during the speciiic dynamic action. The increase in protein calories is 
in general greater than the increase in total calories (Table 5). Our 
results are calculated to give protein the greatest possible proportions 
in the metabolism, and in spite of this, it must be concluded that, though 
the protein increase is enough to account for all the rise of metabolism, 
it is aided by an increase of carbohydrate, and a diminution in the 
burning of fat. This agrees with the findings of Aub and DuBois * 
but disagrees somewhat with Gigon,?’ who thought that all the extra 
calories came from protein. 

The two cases of exophthalmic goiter which we have studied have 
given results which agree with the findings of DuBois.’ In spite of 
their high basal rate, the response to a large quantity of meat was an 
increase of metabolism as rapid and intense as in the normal individual. 


CONCLUSIONS 

1. The basal metabolism in twelve cases of liver disease was essen- 
tially within normal limits. The liver is, therefore, either not an 
important regulator of the metabolic rate, or it is adequate for this 
purpose even when severely diseased. 

2. The rate of absorption and utilization of protein in large quan- 
tities was usually normal, even in severe cirrhosis. In two cases of 
cirrhosis and one of gall stones, the utilization of the protein was 
delayed or absent. Marked portal obstruction caused no delay in the 
appearance of the specific dynamic action of protein. 

3. The cases of cirrhosis showed, on the whole, the highest metabolic 
response to protein catabolism. 

4. The conclusion seems justified that either the liver is not the 
main site of the specific dynamic action of protein, or that it can 
adequately perform that function even in disease. 

5. The specific dynamic action of protein results from an increased 
combustion of protein and carbohydrate, rather than of fat. 

6. The observation of DuBois that in exophthalmic goiter a normal 
increase in heat production, due to protein, is superimposed on the 


high basal rate is confirmed. 








THE DIAGNOSIS OF “EVENTRATION” 
OF THE DIAPHRAGM 


WITH REPORT OF A CASE OF APLASIA OF THE RIGHT LUNG 
AND RIGHT HALF OF THE DIAPHRAGM, ASSOCIATED 
WITH CONGENITAL DEXTROCARDIA * 


HORACE MARSHALL KORNS, M.D. 


CLEVELAND 


I. INTRODUCTION 





So-called “eventration” of the diaphragm is understood to mean a 
high position of one-half of the phrenic leaf, conditioned, not simply 
on displacement, but on aplasia (congenital) or atrophy (acquired) of 
the muscle fibers of that half of the diaphragm. Obviously, the term 
is a misnomer, but it appears that the various terms which have been 
offered as substitutes, while in themselves more exact, have served 
by their multiplicity merely to add to the confusion in terminology. 
One is tempted to choose from among these terms one more suitable, 
but inasmuch as the condition is definitely defined, it may as well go 
by the name of “eventration” as by any other. 

I propose in this paper (1) to make a critical review of the literature 
on eventration of the diaphragm principally from the standpoint of 
the diagnosis, attempting also to establish or disprove the authenticity 
of the reported cases, and (2) to lay emphasis on the necessity for a 
careful study of the respiratory excursion of the thorax in the endeavor 
to differentiate eventration of the diaphragm from the condition with 
which it has been invariably confounded—hernia of the diaphragm, 
and (3) to present two cases illustrative of the points of differentiation. 


2. REVIEW OF THE LITERATURE 


If one undertakes a careful search of original sources in this sub- 
ject, he soon discovers many errors which have crept into subsequent 
writings, there to be perpetuated and magnified. Some of these I shall 
attempt to correct. 

The first authentic case of eventration of which we have record 
is that of Jean Louis Petit,’ the description appearing originally in his 
posthumous “Traite des maladies chirurgicales, etc.” the first edition 
of which, edited by Lesne, was published in 1774. Petit himself, how- 
ever, does not in any part of his writings employ the term “eventration,” 
but describes his case as a peculiar variety of diaphragmatic hernia. 


~ 


*From the Medical Clinic of Lakeside Hospital. 
1. Petit: Traite des maladies chirurgicales, Paris 2:266, 1774. 
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It was not until the time of Cruveilhier * that the essential difference 
between hernia and eventration was elucidated. The credit for the 
introduction of the term “eventration” has been distributed variously 
Part of this confusion is, no doubt, due to the fact that Cruveilhier 
directly contradicted himself in this connection In the Anatomic 
pathologique du corps humain (1829), he states unequivocally that 
Petit’s case had been shown by Béclard to belong more properly in 
the class of eventrations. Twenty years later, in his Traite d’ Anatom 
pathologique generale, he says it was Petit who gave the name of 
“eventration.” Inasmuch as no reference to the term is to be found 
in Petit’s original writings, one is inclined to accept Cruveilhier’s 
original statement, crediting Beéclard with being the first to make use 
of the term in critical differentiation of the condition from hernia of 
the diaphragm. In this connection it should be stated that Cruveilhier’s 
first recorded reference to the condition of eventration, according to 
Betchov,* occurred in 1816. Petit’s description of his case ts very 
convincing. Clinically, the patient 

“had been for a long time afflicted with a so-called asthma. which to all appear 


ances had no other cause than the hernia, inasmuch as he felt himself relieved 
of the so-called asthma as soon as he had eaten.” 


The patient having died of peritonitis, Petit says of the necropsy 


As those who believed him asthmatic had mistaken the peritonitis for a 
pleural effusion, | commenced the section with the chest, where I found noth 
ing but a little fluid. with a tumor the size of a small gourd The tumor 
: was almost as large at the base as at the middle, and terminated in a 
biunt cone, having a height of 3 or 4 inches” 


Section of the abdomen revea!ed the peritonitis, and 


“the parts contained in the hernia were all stuck together and adherent t 
the sac. As for the sac. . . . I discovered that it was nothing but a 
prolongation of the peritoneum, the diaphragm, and the pleura, together, with 
out the slightest rupture of the membranes, or any opening in the muscular or 
tendinous fibers of the diaphragm.” 

Previous to Petit’s case, there is but one which might be called 
into question. It is that of Senac (1729), considered by Bowditch * in 
1853 to have been in all probability a genuine instance of eventration 
Reference to Senac’s original article * discloses what was more probably 
a case of right-sided interstitial pneumonitis and chronic fibrous pleurisy, 
with fixation of the diaphragm in a high position by pleural retraction 
and synechia. There is no definite statement about the condition of 
the pleura, the pleural sinus, or the musculature of the diaphragm. 





2. Cruveilhier : Anatomie pathologique du corps humain, Paris, 1%29, Tome | 


Livr. XVII; Traité d’Anatomie patholog:que générale. Paris, 1249, Tome | 
pp. 614 and 617. 

3. Betchov: Rev. méd. de la Suisse Rom. 37:455, 1917. 

4. Bowditch: Buffaio M. J. 9:1, 65. 1853. 

5. Senac: Sur le diaphragme. (From Mem. Acad. roy. d. sc. de Par., 1729.) 
Collect. Acad, d. Mem., etc., Par. 6:440, 1781 
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In 1783, Pyl® described a case, which, according to Lacher,’ showed 
the left side of the diaphragm to be attenuated and dilated like a 
hernial sac. Glassner,* and many others, have likewise been convinced 
of the genuine nature of this case. Access to the original article was 
denied me, but in view of Lacher’s misconception of the cases of 
Froriep and Meckel one cannot but be somewhat skeptical of his 
interpretation. 

It is when one comes to the consideration of the cases described 
by Meckel and Froriep that the more conspicuous instances of per- 
petuation of error appear. These cases have been generally accredited 
as true examples of eventration since they were first so labelled by 
Lacher in 1880. To quote from Lacher directly, 


In Kleinert’s Repertorium, 1837, a case of Froriep’s is cited, in which, at 
the necropsy of a 19 year old girl who had complained constantly of shortness 
of breath, vomiting and other gastro-intestinal disturbances, and since her 
fourteenth year had been troubled with obstinate constipation, the left diaphragm 
was found to be an upward-projecting sac containing the stomach, displacing 
the heart considerably to the right; the diaphragm was abnormally thin and 
in the region of the mediastinum changed to a transparent cellular tissue. This 
abnormal thinning out seemed to be definitely congenital, for no other cause, 
as for instance, inflammation of the diaphragm or diaphragmatic pleura, was 
mentioned. 


A careful search of all four volumes of the Repertorium for 1837 
reveals but one reference to such a condition by Froriep,® which is 


herewith set down verbatim: 


A diaphragmatic hernia. where the stomach lay in the left half of the chest, 
pushing the heart toward the right. was found in the corpse of a girl of 19 
years, who from childhood had suffered from dyspnea, vomiting and other 
gastro-intestinal disturbances. 


The identity of the two subjects seems quite clear, but the dis- 
parity in the reports is too obvious to pass unchallenged. 

Of Meckel’s case, Lacher says that on the left side the diaphragm 
was arched out like a sac. The description of this case in Zwanziger’s 
original article *° (1819) is as follows: 


A mature feminine fetus. The left pleural sac contains, besides the normal: 
(1) the stomach, with (2) the small intestine, except the duodenum, (3) the 
greater part of the colon, (4) the spleen. The parts are thus arranged: The 
esophagus, descending in the usual manner to the vicinity of the diaphragm, is 
turned a little bit upward and enters the stomach. The stomach is turned in a 
6. Pyl: Aufsatze u. Beobacht. a. d. ges. Med., Ser. 5. p. 29, 1783. 

7. Lacher: Deutsch. Arch. f. klin. Med, 27:268, 1880. 
8. Glassner: Fortschr. a. d. Geb. d. Rontgenstr. 24:268, 1916; Munchen. 
med. Wehnschr. 63:19, 1916. 

9. Froriep: Kleinert’s Allg. Repertorium der gesammten deutsch. med.-chir. 
Journalistik, Leipzig, N. S. 1:53 (Oct.-Dec.) 1837. 

10. Meckel: Cited by Zwanziger, Dissertatio inauguralis medico-chirurgica 
de hernia diaphragmatica, Halae, 1819, p. 26. 


oe — 





6 NE hes 


cee 





Le ele 


KORNS—EVENTRATION OF DIAPHRAGM 195 


great curve a little upward and downward, and is so exceedingly concave that the 
pylorus almost touches the cardia. The duodenum, by means of a great open 
ing in the left side of the diaphragm, descends into the abdomen and here 
receives the bile-duct. Making a great curve downward, it returns into the 
thorax by the same aperture, and passes into the jejunum. This (the jejunum) 
with the ileum fills almost the whole cavity. The cecum is placed at the top 
of the left pleural sac. From this the ascending colon descends as far as the 
diaphragm; then making an obtuse angle, the transverse colon turns backward 
to the seventh dorsal vertebra. From here the ends of the transverse colon 
and the descending colon proceed outward (from the pleural cavity) and descend 
to the external margin of the opening. where they depart into the abdomen 
Here everything is as usual. The colon, with looser folds than usual, is afhxed 
to the walls of the thorax. The opening in the diaphragm measures 2 inches. 
Furthermore, the very little developed left lung measures scarcely an inch in 
length, and equals scarcely a tenth part of the well developed right lung. 


Further comment is unnecessary. Suffice it to say that both 
Froriep’s and Meckel’s cases were clear examples of hernia of the 
diaphragm. 

Laennec "' described a case of left-sided eventration in 1819, but his 
interest is confined to the auscultatory signs. Lawrence's case '* (1852) 
was discovered at necropsy. The first case in which there is any note 


of clinical examination is that of Marsh '* (1867) who quotes Paget 
as follows: 


There appeared, notwithstanding this defect (of the diaphragm, discovered 
postmortem), to be sufficient respiratory power. The patient breathed very 
forcibly in his dyspnea, and in auscultating him the movements of the chest 
appeared just as in an ordinary double pneumonia. The stomach was thought 
to be, as it was found, very high up, but nothing unusual attracted Mr 
Archer’s or my attention; the left side of the chest certainly moved freely 
and the patient often lay on his right side 


That the side which was the seat of the eventration “certainly 
moved freely” was apparently contrary to the expectations of the 
examiners. The reports by Tennant '* (1894) and Thoma ** (1882) deal 
purely with the pathologic findings in genuine cases of eventration. 
Crispino’s case, according to Sailer and Rhein,’* was doubtless one of 
eventration. The original article was not accessible. 

The case of Struppler,’* described in 1901, is of some interest. 
Struppler himself, with the aid of the roentgen ray, made a diagnosis 
of hernia of the diaphragm. His arguments in favor of this diagnosis, 
however, are far from convincing, and his published skiagrams appear 
to show clearly an abnormally high, but intact, left diaphragm. One 
of them depicts a stomach tube, filled with mercury, lying in the 


11. Laennec: L’Auscultation Mediate, Paris 1:429, 1819. 
12. Lawrence: Lancet 2:327, 1852. 
3. Marsh: Lancet 1:298, 1867. 
14. Tennant: Edinburgh M. J]. 40:29 (July) 1894. 
15. Thoma: Virchow's Arch. f. path. Anat. 88:515, 1882 
16. Sailer and Rhein: Am. J. M. Sc. 129:688, 1905; Crispino: Cited hy 
Sailer and Rhein. 
17. Struppler: Deutsch. Arch. f. klin. Med. 70:1, 1901. 
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stomach beneath the diaphragm. one is inclined to consider this case 
Bayne-Jones,'? 


18 


as an example of eventration, as have Arnsperger, 
Gilassner, and others. The case is the first to be studied with the 
roentgen ray, and it is immediately apparent that this procedure is so 
far from being a diagnostic aid in the differentiation of hernia from 
eventration that it precipitates a polemic which has raged unabated 
ever since. 

From the article of Netsser *” (1901) one might conclude that he 
had really observed cases of eventration of the diaphragm, associated, 
possibly, with aplasia of the lung, but his description suggests much and 
establishes little. The case described first by Widenmann *! in 1901, 
later also by Glaser ** and Fraenkel,** with pathologic findings by 
Benda,** was a classical one. Widenmann did not definitely decide the 
question between hernia and eventration, and Glaser and Fraenkel added 
nothing in their reports. Widenmann observed a difference in the 
excursion of the two sides of the thorax, there being a very slight 
impairment in the lower portion on the affected side. To Glaser, the 
excursion appeared to be symmetrical. The fluoroscope merely added 
to the confusion. The necropsy findings were characteristic of eventra- 
tion, the affected half of the diaphragm being the seat of a “lipomatous 
pseudo-hypertrophy” (Benda). Doering’s case ** (1902) seems well 
substantiated. 

The celebrated case of Friedrich Schneider is of interest from 
several points of view. The first mention of him, according to Neu 
mann,** occurred in 1890, when he was described by Stinzing as an 
example of congenital dextrocardia. From that time until his death 
in 1912 he went about presenting his diagnostic problem to one clinic 
after another and eventually became the center of a small polemic. 
He was roentgenographed so diligently that he acquired a burn, from 
which one infers, as Neumann suggests, that skiagraphy scarcely 
belongs in the category of diagnostic aids. The next published account 
of him is by Hirsch,?* in 1900, who made a diagnosis of hernia of the 
diaphragm on the basis of roentgenographic findings. His skiagrams 
strongly suggest eventration, but Hirsch does not mention the latter 


18. Arnsperger: Deutsch. Arch. f. klin. Med. 93:88, 1908. 

19. Bayne-Jones: Arch. Int. Med. 17:221 (Feb.) 1916. 

20. Neisser: Ztschr. f. klin. Med. 42:88, 1901. 

21. Widenmann: Berl. klin. Wchnschr. 38:279, 1901. 

22. Glaser: Deutsch. Arch. f. klin. Med. 78:370, 1903. 

23. Fraenkel: Deutsch. med. Wehnschr., Vereins-Beilage, No. 48, p. 343, 1902 
24. Benda: Cited by Glaser, loc. cit. 

25. Doering: Deutsch. Arch. f. klin. Med. 72:407, 1902. 

26. Neumann: Deutsch. med. Wehnschr. 45:905; 45:937, 1919: Munchen 
med. Wehnschr. 64:719, 1917. 
27. Hirsch: Miinchen. med. Wehnschr. 47:996, 1900. 
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even as a possibility. Glassner states that Schneider's case was 
described by Volkmann, and that Becker, considering the case as an 
example of dextrocardia, made it the subject of his inaugural disserta 
tion, Jena, in 1904. Schneider was carefully studied in 1905 by 


who were enabled to satisfy themselves of the 


Hildebrand and Hess,’ 
correctness of their diagnosis of eventration by means of Schlippe’s 
procedure of measuring the respiratory variations in intragastric 
pressure. The authors take issue with Hirsch over the interpretation 
of the skiagrams, maintaining that they portray clearly the presence 


of eventration. <A year later, Lotze * referred to Schneider as a case 
of diaphragmatic hernia and was promptly rebuked by Hess.*” The 
last chapter in this little drama was written in 1912 by Von Eggeling,”' 
whose report of the necropsy findings amply substantiated the diag 
nosis of eventration made by Hildebrand and Hess. 

Sailer and Rhein (1905), in reporting a case of eventration, state 
that the affected half of the diaphragm was moderately thin, but 
microscopically was found to contain a fair amount of muscular tissue, 
“which accounted satisfactorily for the respiratory movement,” the 
latter being noted as equal on the two sides. They conclude that, 
“in eventration of the diaphragm, the respiratory movements are 
normal.” Reference to this will be made again. Wieting’s case ** ( 1906) 
is notable for two reasons: It was the first example of right-sided 
eventration, and with it was associated a hetnia of the diaphragm 
Hamdi, who described this case previously, mentions nothing but the 
hernia. Wieting goes back over the gross pathology and demonstrates 
clearly that an eventration also existed, for the entire right phreni 
leaf was found to be a “fascia-like structure without muscle fibers,” 
whereas the left diaphragm was found to be normal. It is interesting 
to note that Glassner, in reporting his own case of right-sided eventra 
tion, ignores Wieting. 

Cases described in the period from 1907 to 1914 by Herz,*’ Arn 
sperger, Koniger,** Scholz,** Franck,** Appel,** Becker,** Scheidema 

28. Hildebrand and Hess: Munchen. med. Wehnschr. 52:745, 1905 

29. Lotze: Deutsch. med. Wehnschr. 32: 1662, 1906. 

. Hess: Deutsch. med. Wehnschr. 32:1990, 1906. 

. Von Eggeling: Munchen. med. Wehnschr. 59:2284, 1912 

. Wieting: Deutsch. Ztschr. f. Chir. 82:315, 1906 

Herz: Wien. klin. Wchnschr. 20: 1463, 1907. 

. Koniger: Miinchen. med. Wchnschr. 56:282, 1909. 

. Scholz: Berl. klin. Wehnschr. 48:339, 1911. 

». Franck: Beitr. z. klin. Chir. 74:358, 1911. ’ 

37. Appel: Zur Kenntnis der Eventratio Diaphragmatica, Inaugural Dis 


sertation, Greifswald, 1911. 
38. Becker: Fortschr. a. d. Geb. d. Rontgenstr. 17:183, 1911 
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del,** Malkow,*® Bergmann,*' Kayser,** Haase,** Reuss,** Baetge,*® 
Krause,“ and Manges and Wessler ** may doubtless be classed: with 
more or less accuracy in the category of eventration. With a few 
exceptions, the accounts are occupied chiefly with monotonous discussion 
of contradictory interpretations of roentgenograms. The cases of 
Beltz ** (1910) and Motzfeldt * (1913) rest on necropsy findiugs. 
Fischer *° (1914) makes mention of a case of eventration which 
“developed during convalescence from double pneumonia and typhoid 
fever.” The diagnosis was made by a probatory thoracotomy. The 
inadequacy of his description leaves one in considerable doubt as to 
the correctness of the diagnosis of eventration. 

Kienbock *' (1914) describes a case in which the diagnosis of even- 
tration was confirmed at the time of an operation for relief of pyloric 
stenosis. This is probably the same Kienbock °'* who seven years pre- 
viously described a case of diaphragmatic hernia. Apparently, the 
author never considered it in any other light, yet it has been cited 
by many as an instance of eventration. It is impossible to decide the 
question from a perusal of the original description, although the pub- 
lished roentgenogram, half schematic, suggests eventration. In the 
absence of supporting data, however, the diagnosis of eventration must 
be met with skepticism. 

Glassner (1916) describes two cases as examples of eventration, 
in one of which the right diaphragm was the part affected. In this 
connection he ignores Wieting’s case entirely, and rejects the right- 
sided case of Eppinger ** (1911) for the reason that it was merely men- 
tioned, not described. Two of Eppinger’s three cases were substantiated 
by necropsy, however, and it is not at all clear that any of them 
should be discarded. Glassner’s case, then, properly becomes the 
third to be described as an instance of right-sided eventration of the 
diaphragm. 

The five cases reported in 1916 by Weil ** must be regarded with 
some skepticism in view of the inadequacy of the author’s description. 


39. Scheidemandel: Miinchen. med. Wehnschr. 59:2168, 1912. 
40. Malkow: Cited by Bergmann (loc. cit.). 

41. Bergmann: Ergeb. d. inn. Med. u. Kinderh. 12:327, 1913 
42. Kayser: Fortschr. a. d. Geb. d. Rontgenstr. 20:240, 1913. 
43. Haase: Wien. klin. Wehnschr. 26:193, 1913. 

44. Reuss: Deutsch. med. Wehnschr. 39:743, 1913. 

45. Baetge: Deutsch. Arch. f. klin. Med. 110:49, 1913. 

46. Krause: Deutsch. Ztschr. f. Nervenh. 47:328, 1913. 

47. Manges and Wessler: Med. Rec. 86:134, 1914. 

48. Beltz: Muiinchen. med. Wehnschr. 57:1006, 1910. 

49. Motzfeldt: Deutsch. med. Wehnschr. 39:312, 1913. 


50. Fischer: Med. Rec. 86:653, 1914. 

51. Kienbock: Fortschr. a. d. Geb. d. Rontgenstr. 21:322, 1914. 

5la. Kienbock: Ztschr. f. klin. Med. 62:321, 1907. 
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The cases had previously been “diagnosed” as (1) cardiac enlarge 
ment; the precordia extending 714 cm. to the right of the midsternal 
line; (2) pulmonary affection; (3 and 4) pleurisy, depending on 
dulness and enfeebled breath sounds at the base of the left lung; 
(5) stomach and intestinal disease. All were diagnosed correctly as 
eventration, according to Weil, by the use of the roentgen ray 

The fourth case of eventration of the right side of the diaphragm 
was described in 1916 by Bayne-Jones. The diagnosis was made 
purely from physical examination, although the exact method by which 
the conclusion was reached does not appear from the author’s descrip 
tion of the clinical findings. Roentgenograms and laparotomy con 
firmed the clinical impression. Wood ** (1916) presents a case of even- 
tration diagnosed from’ the roentgen ray picture. His inaccurate 
statements concerning the diaphragm and its participation in thoracic 
excursion betray his ignorance of the subject. 

Betchov has written an interesting article (1917) in which he 
reviews some of the literature and reports a case. He admits frankly 
his confusion in attempting to establish a diagnosis, which was finally 
made by Professor Bard purely from the roentgen-ray findings. Betchoy 
refers to a case described in 1917 by Weinberger ** as an example of 
eventration. Weinberger’s diagnosis, however, is hernia, and a perusal 
of his article does not lead to any other opinion. Minowski’s case 
(1917) is without doubt genuine. Neumann (1919) presents with 
necropsy findings a classical case of eventration of the diaphragm 
His review of the literature is limited to German sources. He states 
that Lorey, in 1912, presented five cases,’ two of which were sub 
stantiated by necropsy," and that more recently Roesch ** has described 
a case. Neither of these reports has been accessible. His discussion 
of the possible experimental production of eventration, although 
without the scope of this paper, is very interesting, and one feels 
inclined, without consulting the references he cites, to agree with him 
that the complete picture of eventration may well be produced in man 
by injury to the phrenic nerve 

Reports of cases of eventration by Andree and Assmann,"' in 
1918, appear plausible. The case of Aronson “* (1918) may possibly be 
considered as an example of right-sided eventration, although the 
54. Wood: Surg., Gynec. & Obst. 23:344, 1916. 

55. Weinberger: Miuinchen. med. Wehnschr. 64:624, 1917 

56. Minowski: Berl. klin. Wehnschr. 54:541, 1917. 

57. Lorey: Cited by Neumann, Deutsch. med. Welhnschr. 45:905, 1919 
58. Lorey: Cited by Neumann, Deutsch. med. Wehnschr. 45:905, 1919 
59. Roesch: Cited by Neumann. 

60. Andree: Med. Klin. 14:990, 1918. 


61. Assmann: Fortschr. a. d. Geb. d. Rontgenstr. 26:1, 1918 
@2. Aronson: New York M. j. 108:196, 1918; Med. Rec. 93:37, 1918 
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author’s vague description of the findings raises much doubt. Lapa- “ 
rotomy was undertaken for the purpose of resecting a congenital 
megacolon, but if the diagnosis was confirmed at this time, the report 
of it is extremely unconvincing. If genuine, it is the fifth case of 
right-sided eventration of the diaphragm. Schwenke ® (1919) has 
reported two cases which he believes to be examples of eventration. His 
description is fairly convincing. Schlecht and Wels (1920) have 
published a case of eventration, the diagnosis being confirmed by 
laparotomy. After the patient recovered from the operation, the 
authors injected air into his peritoneal cavity for purposes of roentgeno- 
graphic study. The resulting pictures display the silhouette of the 
eventrated half of the diaphragm very effectively. They have also 
without difficulty” in a patient with 


“ 


produced a pneumoperitoneum 
hernia of the diaphragm. 

Funk and Manges“ (1920) reported a case of eventration, the 
diagnosis being made by the roentgenogram. The patient was sent to 
the roentgen-ray laboratory with a diagnosis of hydropneumothorax. 
\fter seeing the picture, the authors re-examined the patient and dis- 
covered that they would have been able to arrive at the correct diagnosis 
from physical examination alone if they had been careful to observe 
the movement of the costal margins. Funk“ states that there was 
“distinct widening of the subcostal angle on inspiration, a widening 
due principally to greater divergence of the left costal border.” This is 
the only case in the literature in which the examiner made any observa- 
tion of the excursion of the costal margins considered apart from 
the excursion of the arches of the ribs. 

In concluding a critical analysis of the literature, one finds himself 
unable to make a definite statement as to the number of genuine cases 
of eventration which have been studied. The criteria by which the 
diagnosis has been determined are extremely vague and uncertain in 
a great many cases. A statistical venture on my part results as 
follows :* 


Left Right 
Cases in which the diagnosis of eventration is re- 


OEE C6: CONES ain cincedcvacremeancesakees neuse 18 + 
Cases in which the diagnosis of eventration is not 
proved, but is regarded as reasonably certain..... 4 2 
EE 3 cess. ace nenecekcend ceca eepaanee tind 59 6 65 


The first group includes, besides the cases substantiated by necropsy 
or laparotomy in which original articles have been consulted: (1) two 
cases of Lorey cited by Neumann as having been controlled by 


63. Schwenke: Deutsch. med. Wehnschr. 4§:1191, 1919 

64. Schlecht and Wels: Fortschr. a. d. Geb. d. Rontgenstr. 27:244, 1920. 
65. Funk and Manges: Med. Rec. 98:289, 1920. 

66. Funk: M. Clinics N. America 4:1058 (Jan.) 1921. 


*See summary of bibliography. 
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necropsy; (2) the case of Funk and Manges; (3) my case. The 
reason for the inclusion of the last two is that in both cases the diag 
nosis was based on some knowledge of the physiology of the intercostal 
muscles and diaphragm. Statistics compiled by Franck, Motzteldt, 
Bergmann, Eppinger, Bayne-Jones, and Neumann, I have shown to 
be inaccurate. The cases described by Hoffmann as examp!es of 
so-called “rudimentary eventration,” and “chronic habitual magen 
blasse” do not properly belong in the category of true eventration of 
the diaphragm. The case described by Otten and Schefold,"* regarded 
as eventration by many writers, is also rejected for reasons which will 
appear later. Fischer's case, although supposed to be substantiated 
by thoracotomy, is classed as not definitely proved. 

In searching for an example of association of eventration of the 
diaphragm with aplasia of the lung on the affected side, one finds 
a statement by Glassner to the effect that the coexistence of the two 
conditions has never been established. Its occurrence is faintly sug 
gested by Neisser and Haase purely on roentgenographic grounds. In 
the cases coming to necropsy, the state of the lung on the affected side 
is mentioned only superficially. Motzfeldt makes the statement that 
in his case the left lung was small and exhibited an anomalous lower 
lobe—scarcely to be interpreted as aplasia. In this connection, articles 
by Abercrombie,” Clark,*® Kronig,’' Fitzgerald and Everett,”* Ponfick, 
and Barlow ** may be consulted, but none of these contains any note of 
the condition of the musculature of the diaphragm, and none can be 
considered as an example of eventration. Similarly, the case of Schmit, 
cited by Baetge and Glassner, cannot be regarded as an instance of 
true eventration. My case is, | believe, the first in which aplasia of 
the lung has been shown to accompany the condition of eventration of 
the diaphragm. 

3. THE DIAGNOSIS 

Krause said, “Diseases of the diaphragm are proportionately very 
seldom diagnosed. This is due both to the slight understanding of the 
physiology of the diaphragm, and the scarcity of the pathological con 
dition.” The critic perceives that the second sentence constitutes 
within itself a fallacy of induction which becomes still greater if 
he appreciates, not the “slight understanding,” but the total want of 

67. Hoffmann: Munchen. med. Wehnschr. 54:112, 1907. 

68. Otten and Schefold: Deutsch. Arch. f. klin. Med. 99:468. 1910 

69. Abercrombie: Cited by Clark, Am. J. M. Se. N. S. 20:106, 1850 

70. Clark: Am. J. M. Sc., N. S. 20:106, 1850. 

71. Kronig: Centralbl. f. inn. Med. 19:178, 1898. 

72. Fitzgerald and Everett: Brit. M. J. 2:664, 1900 


3. Ponfick: Virchow’s Arch. f. path. Anat. 50:633. 1870. 
4. Barlow: Brit. M. J. 2:14, 1880. 
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knowledge of the physiology of the diaphragm betrayed by most writers 
on the subject. In particular, there is no evidence on record that the 
diagnosis of eventration of the diaphragm has ever been made by 
clinical application of such knowledge. Instead, various conflicting 
criteria and mechanical devices have been introduced as alleged aids 
in diagnosis. Some of these may be detailed: 

1. Schlippe’s procedure of measuring the variations in intragastric 


pressure during different phases of respiration. 








Fig. 1—Roentgenogram of Case 1 Viewed from the front. 


2. Jamin’s procedure of electrical excitation of the phrenic nerve. 
3. By means of the fluoroscope: (a) The observation of so-called 
“paradoxical movement” of the affected half of the diaphragm. (b) 
Observation of the respiratory movement of the mediastinum. 
4. By means of the fluoroscope and roentgenogram, the identifica- 
tion of the linear, arched shadow which extends from the mediastinum 
to the lateral thoracic wall 


5. The employment of pneumoperitoneum 
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From a priori considerations, one might expect to gain pertinent 
information by the use of the device proposed by Schlippe. It was 
mainly through its employment that Hildebrand and Hess were enabled 
to arrive at a correct diagnosis in the case of the long-suffering 
Schneider. They demonstrated an inspiratory rise and expiratory fall 
in intragastric pressure, which is the reverse of what should occur 1f 
the stomach had invaded the thorax through a hole in the diaphragm 
In view of their success one is surprised to find that subsequent 
investigators largely failed to utilize the method, but this fact is doubt 
less significant of its impracticability. Bergmann says that it may be 
of use, but fails to employ it in his own case. Minkowski found, with 
costal respiration, an inspiratory fall of intragastric pressure, and 
with abdominal breathing, an inspiratory rise. The inference to be 
drawn from this is obvious. A little consideration will suggest many 
more situations in which the results of the procedure must prove 
equivocal, and one need not go farther to show that it is worthless 
as a help in diagnosis. 

Jamin’s proposal to distinguish between normal and atrophic dia- 
phragmatic musculature, and hence between hernia and eventration of 
the diaphragm, by fluoroscopic observation of the extent of the 
excursion of the two halves of the diaphragm caused by electrical 
excitation of the phrenic nerves in the neck, has not proved of service 
Such a procedure, if employed in a normal subject in the interim 
between respirations, should theoretically eliminate the effect on the 
excursion of the diaphragm produced by the conflicting factor of 
activation of the intercostal muscles, and, therefore, should result in 
a degree of excursion directly proportional to the strength of the 
stimulus, the amount of diaphragmatic musculature, and the amount of 
normal conducting tissue in the phrenic nerve. Practically, however, 
the method is a very crude one, for the stimulation of the intact phrenic 
nerve in the human subject cannot be performed without collateral 
excitation of the scalene muscles, and possibly also of the upper 
intercostals, so that one cannot be sure that he is obtaining the necessary 
isolated effect predicated above. Furthermore, the cases under con 
sideration are not in all respects normal subjects. If a diaphragm 
which is composed of normal muscle fibers, but is the seat of a hernia, 
shall have acquired a high fixation to the thoracic wall through the 
formation of pleural synechia (personally observed at operation), 
the test must necessarily fail. Again, the test will be positive for 
eventration in a patient who has normal musculature in the diaphragm, 
but has suffered an impairment in the conducting property of his 
phrenic nerve. Further factors complicating the results of this pro 
cedure are readily called to mind, and, as is to be expected, the test 
has not fared well in the hands of many investigators. Scheidemandel 
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observed total absence of excursion of the diaphragm on the affected 
side in his case of eventration. Reuss noted only a slight difference 
in the amount of excursion on the two sides. Minkowski states 


ambiguously that stimulation of the phrenic nerve gave contraction of 





the diaphragm on the affected side. Andree found slight downward 
excursion of the diaphragm on the affected side. Neumann noted only 


a minimal response in a case of gunshot injury of the phrenic nerve. 











2.—Roentgenogram of Case 2. Viewed from the back. 


Fig 
\ssmann concludes, from the experience of others, and on theoretic 
grounds, that the method is not of any service in determining the 
diagnosis. 

Hildebrand and Hess were the first to observe under the fluoroscope 
the so-called “paradoxical movement” (inspiratory ascent, expiratory 
descent) of the affected half of the diaphragm. Their case was later 


proved by necropsy to be one of eventration Lotze, because of the 
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absence of this paradoxical excursion, made the diagnosis of eventra 
tion mn his case, but the necropsy by Risel ** revealed, not eventration, 
but hernia of the diaphragm. Schlecht and Wels observed the absence 
of paradoxical movement in their case, which was later proved by 
operation to be one of eventration. Neumann likewise noted its absence 
in a proved case of eventration. It was present in Bayne-Jones’ proved 
case. Minkowski observed its presence during costal breathing, and 
absence with abdominal respiration. Assmann comments on the unre 
hability of the sign. These are the most conspicuous examples, although 
many other writers have remarked its presence or absence. In view of 
these contradictory observations, it is scarcely desirable to undertake 
a critique of the theory of “paradoxical” movement. As a test, it 
has no diagnostic significance. 

Observation under the fluoroscope of respiratory excursion of the 
mediastinum has been made three times (Herz, Otten and Schefold, 
Minkowski). Herz noted in his case an inspiratory excursion of the 
mediastinum away from the affected side toward the sound side. He 
quotes Holzknecht, who first described this phenomenon in connection 
with unilateral paralysis of the phrenic nerve, as follows: 


Since in the quiet expiratory phase an equal pressure exists in both halves 
of the chest, and falls only in the healthy side during inspiration, and since 
the intrabronchial communication cannot bring about an equilibrium quickly 
enough, both pressures are first of all equalized through displacement of the 
mediastinum which is effected by the stronger pull of the healthy side 


The explanation is essentially correct. The inspiratory increase of 
negative intrapleural pressure is normally brought about by an increase 
in the anteroposterior and transverse diameters of the thorax due to 
the activation and excursion of the intercostal muscles, with a con- 
comitant maintenance, or increase, of the longitudinal diameter due to 
the activation and excursion of the diaphragm. In normal inspiration, 
the negative intrapleural pressure rises in value at an equal rate on the 
two sides, with consequent immobility of the mediastinum. If one- 
half of the diaphragm be deprived of its activation, the longitudinal 
diameter of the chest on that side will not be maintained of increased, 
but will be diminished, the negative intrapleural pressure will increase 
at an unequal rate on the two sides, and the mediastinum will con 
sequently undergo inspiratory excursion toward the side which develops 
the greater negative pressure. In eventration of the diaphragm, or 
unilateral paralysis of the phrenic nerve, therefore, the mediastinum 
will exhibit inspiratory excursion toward the healthy side. 

The observation of Otten and Schefold here comes into view. In 


a patient supposed to have eventration of the left half of the diaphragm, 


75. Risel: Miinchen. med. Wehnschr. 54:637, 1907. 
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the heart and mediastinum were seen under the fluoroscope to move 
toward the left side during inspiration, with return toward the right 
side during expiration. This means that there must have been a greater 
negative intrapleural pressure created on the left side, but it ts 
impossible to conceive of this if the left half of the diaphragm were 
the seat of aplasia. In the absence of other factors which might 
explain this phenomenon, we are, therefore, forced to reject this case 
from the category of eventration. 

In discussing respiratory excursion of the mediastinum there is 
one other factor which must be considered. With normally func- 
tionating intercostal muscles and diaphragm, negative intrapleural 
pressure rises in value at an equal rate on the two sides only if the 
extensibility of the two lungs be unimpaired and there is no bronchial 
obstruction to the ingress of air. The following experiment illustrates 


the point: 


EXPERIMENT.—-A medium-sized dog (under morphin-chloretone anesthesia), 
with intact scaleni, intercostal muscles and diaphragm, breathing in a per- 
fectly normal fashion, was given a complete obstruction to all except the lowest 
main bronchus on the right side, with consequent collapse of all except the 
lower lobe. When observed with the fluoroscope, the mediastinum and heart 
were seen to undergo an inspiratory excursion toward the right equal in extent 
to that exhibited in a downward direction by the right half of the diaphragm 
Removal of the bronchial obstruction abolished all movement of the mediasti- 
num; restoration of the obstruction caused the inspiratory excursion to reappear 


Negative intrapleural pressure increased at an equal rate on the 
two sides in this experiment. On the left side, it was equalized as 
it developed by the ingress into the bronchi of air under atmospheric 
pressure; on the right side, however, equalization of the rapidly rising 
negative pressure could not occur because of the bronchial obstruction, 
hence the disparity in pressure on the two sides, with resultant excursion 
of the mediastinum. 

The third mention of mediastinal excursion is by Minkowski, who 
noted the movement toward the healthy side during inspiration. Medi 
astinal excursion in man is seldom a conspicuous phenomenon, even 
when conditions for its production are ideal—a fact which probably 
explains a want of any note of it in so many of the case reports of 
eventration of the diaphragm. The dog’s mediastinum is less rigid, 
and therefore more easily responds to inequalities in negative intrapleural 
pressure. 

A great part of the literature on eventration and hernia of the 
diaphragm is occupied with a discussion of the identity of the arched 
line which is seen in the skiagram to reach from the mediastinum to 
the lateral thoracic wall—the “bogenférmige Schattenlinie” of the 


Germans. Is it the silhouette of the strongly up-bellied, thinned-out 
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diaphragm, or is it the shadow cast by the distended magenblasse 
which has invaded the thorax through an aperture in the diaphragm? 
The arguments advanced pro and con, in the same case, and in different 
cases, remind one of the old shadow-picture of the horse and ridet 
At one instant he seems to be riding toward the observer, and in the 
next he is riding away. It has been sufficiently demonstrated that 
the assumption simply of a point of view toward this bow shaped, 
linear silhouette cannot by any flight of the imagination be construed 
as diagnostic proof. 

Recently Schlecht and Wels made roentgenograms of a case of 
eventration of the diaphragm after the production of a pneumoperi 
toneum. The procedure apparently offers a sure means of identifying 


the arched line mentioned above. In the presence of a hernia of the 


diaphragm, however, the dangers attendant on possible entrance of 
air into the pleural cavity must certainly be considered 

The key to the differentiation between hernia and eventration of 
the diaphragm lies in an application to the problem of a knowledge 
of the physiology of the diaphragm and intercostal muscles, a correct 
conception of which was denied to the earlier writers. Recently, how 
ever, this subject has been abundantly expounded by Hoover.” Given 
a case for differentiation, how shall we determine whether we have 
to deal with a weakened diaphragm standing in a very high position 
without solution of its continuity, or a diaphragm standing in a normal 
position, but the seat of an opening through which some of the abdomi- 
nal viscera have invaded the thorax? We shall attempt to answer the 
question. 

The movement of the costal margins during inspiration is the 
resultant of the activation of the intercostal muscles and the activation 
of the diaphragm. In this contest, the diaphragm labors under a dis 
tinct mechanical disadvantage, due to the considerable disparity which 
exists between the resultant line of traction of the diaphragm and the 
anatomic curve of the diaphragm. Consequently, under normal condi- 
tions the intercostal muscles obtain the mastery over the diaphragm 
with the result that the costal margins throughout their whole extent 
move away from the median line during inspiration. If the curve of 
one-half of the diaphragm becomes accentuated without the formation 
at the same time of synechia between the thoracic wall and the phrenic 
leaf, the result is an increase in the disparity between the resultant 


line of traction of the diaphragm and the curve of the diaphragm. 


76. Hoover. C. F.: The Functions of the Diaphragm and Their Diagnosti 
Significance, Arch. Int. Med. 12:214 (Aug.) 1913. Diagnostic Signs from the 
Scaleni. Intercostal Muscles and the Diaphragm in Lung Ventilation, I[hid. 
20:701 (Nov.) 1917. The Functions of the Intercostal Muscles, J. A. M. A 
73:17 (July 5) 1919. The Diagnostic Significance of Inspiratory Movements 
of the Costal Margins, Am. J. M. Sc. 159:633 (May) 1920. 











208 IRCHIVES OF INTERNAL MEDICINE 


This half of the diaphragm is thus reduced to a still greater mechanical 
disadvantage in its contest with the intercostal muscles for the mastery 
of the costal margin, and the latter, as a consequence, exhibits inspira- 
tory divergence from the median line considerably in excess of the 
normal. In this exaggerated outward excursion the entire costal 
margin, from the xiphoid to the posterior axillary line, participates, 
and in comparison with the contralateral margin, its movement is not 
only one of greater extent, but it is accomplished more actively. In 
my case this asymmetry of movement of the costal margins was very 
striking. 

In detecting movement of the costal margins, it is very important 
that the examiner combine inspection and palpation, and in palpation 
it is essential that the fingers be placed, not carelessly over the costal 
arches, but on the extreme ends of the ribs. It must be understood 
that the excursion of the costal borders (extreme ends of the ribs) 
is entirely independent of the excursion of the arcs of the ribs. The 
rib arc always moves upward and outward in “bucket-handle” fashion 
in response to normal activation of the intercostal muscles, whereas 
the direction of movement of the costal margins is the resultant of 
activation of the intercostals and diaphragm. One may find inspira- 
tory convergence of the costal borders, but normal “bucket-handle” 
excursion of the arc of the rib; and conversely, impaired excursion of 
the rib are but exaggerated inspiratory divergence of the costal margin. 
The last was a conspicuous feature in my case, and is of especial 
interest in a critical analysis of the observations on respiratory 
excursion of the thorax recorded in the literature on eventration of 
the diaphragm. Among the reports of cases which are adjudged 
genuine, one finds that twenty-one writers have made some mention of 
thoracic excursion. Eight have noted that the excursion on the two 
sides was equal ; ten, that there was “slight lagging” of the affected side ; 
one, that there was no movement whatever; and one, that the move- 
ment was better on the affected side. The subject is usually disposed 
of in a few vague words, and the observation is without significance 
either to the writer or to the reader. Reference may here be made 
to the obscure and inaccurate statements of Sailer and Rhein, Eppinger, 
and Wood. Observation of the movement of the costal borders has 
never before been made except by Funk, whose statement I have 
previously quoted. With this exception, all have failed to perceive 
the fact that the excursion of the arcs of the ribs and that of the 
costal margins (ends of the ribs) are quite independent of each other, 
and, although the former may conceivably be unaffected, or slightly 


impaired, depending on the degree of impairment of the extensibility 
of the lower lobe of the lung, caused by some additional factor, such 
as chronic pleurisy, the latter may at the same time exhibit an exag- 
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gerated outward excursion for an entirely different reason, viz., the 
great disparity which exists, in eventration,*between the resultant line 
of traction and the curve of the diaphragm. 

In hernia of the diaphragm, however, with which eventration has 
been invariably confounded, the conditions are entirely different. Here 
one finds a diaphragm, not aplastic and in a high position, but with 
intact muscle fibers and occupying an approximately normal position 
It is, of course, conceivable that a very extensive aperture, occupying 
one-half or two-thirds of the phrenic leaf, wou!d diminish the muscular 
power of the diaphragm to such an extent as to allow exaggerated out 
ward excursion of the costal margins from intercostal activation, 
regardless of the anatomic curve of the diaphragm. This is the excep 
tional case, however, and one in which the diagnosis is not ordinarily a 
problem. In hernia of the diaphragm, then, the factors which control 
the movement of the costal margins are not essentially changed, ard 
as a consequence one finds their excursion normal in extent and bilatet 
ally symmetrical. If there should be any asymmetry of movemeni, it 
occurs as lessened outward movement on the affected side, due either 
to flattening of the diaphragm from the downward traction exerted on 
it by the abdominal viscera which have become adherent to its structure 
at the hernial orifice, or to the acquisition of a high insertion of the 

between it and the 


diaphragm ft-om the formation of pleural synechia 
thoracic wall 
REPORT OF CASES 
Case 1.—J. A. R., male, aged 20 years 


; | | 


agnosis Aplasia of the right lung and right half of the diaphragm, asso 
ciated with cor dexter 

Present Iliness—Patient is not ill except tor a slight furunculosis of the 
right axilla. He comes into the hospital for purposes of observation 

Past History.—Patient states that he has never been ill, but was always 
vigorous and able from childhood to compete fairly well with his playmates 
He can engage in moderate exercise and perform a moderate amount of physi- 
cak work without discomfort of any kind Violent exercise, however, causes 
him to experience intense throbbing of his heart and a sense of weakness in 
the arms and legs, but he does not become short of breath. Patient discovered 
when still a child that his heart lay on his right side. If asked by his teacher 
to place his hand over his heart he would put his left hand across his right 
chest. When he was 8 years of age he was informed by medical examiners 
that his heart lay on the right side 

Physical Examination.—Thorax There ts a marked scoliosis of the mid 
and lower thoracic vertebrae, the concavity being to the right The lower end 
of the sternum is well to the left, a perpendicular dropped from the middle ot 
the thyroid cartilage intersecting the right sternal line at the level of the fifth 
rib. The transverse and anteroposterior diameters of the right thorax are con 
siderably less than those of the left. Hepatic dulness is encountered at the 
level of the seventh rib in the midaxillary line on the right, whereas on the 
left the lower border of the pleural sinus extends to the ninth rib in the 
midaxillary line. On the right there is a marked diminution in the undulatory 
movement of the upper five ribs, together with distinct impairment in excur- 








210 ARCHIVES OF INTERNAL MEDICINE 


sion of the arches of the lower seven ribs. In an area on the right side bounded 
above by the clavicle, below by the liver, medially by the sternum, and laterally 
by the midaxillary line there is dulness to percussion, and a total want of tactile 
fremitus and breath sounds; in other words, there is no evidence that this area 
is occupied by lung. There is evidence, however, that the remainder of the 
right thorax, viz., the supraclavicular, suprascapular, interscapular, infrascapular, 
and the axillary and infra-axillary regions as far anteriorly as the midaxillary 
line, are occupied by normal lung. In these areas the percussion note is of the 
normal pitch, duration and resistance, the breath sounds are of normal char- 
acter and intensity, and the tactile fremitus is normally transmitted. The left 
lung is normal throughout. 

Heart: On the right side of the chest anteriorly there is plainly visible a 
diffuse precordial impulse occupying a quadrilateral area bounded above by 
the second rib, below by the fifth rib, medially by the right border of the 
sternum, and laterally by the anterior axillary line. In addition, there is a 
sharply localized systolic impulse, resembling a “choc en dome,” visible at the 
right second intercostal space in a line intersecting the junction of the inner 
and middle thirds of the clavicle. Over this area one palpates a strong systolic 
impulse and diastolic impact. The character of the heart sounds is consistent 
with the location of the apex at the fifth rib in the right parasternal line, and 
the conus arteriosus of the right ventricle at the second right intercostal space 
in the line above mentioned. 

Costal Margins: With the patient in the recumbent position, the entire 
right costal margin, from the xiphoid to the posterior axillary line, is seen to 
undergo an inspiratory divergence from the median line distinctly in excess 
of that of the left—evidence of a want of activation of the right half of the 
diaphragm in its effect on the costal margins. 

Clinical Diagnosis—Taking into account the history, which clearly proved 
that the patient had never been ill, and the physical findings, which proved 
that the patient could not have a disease of his lung or pleura, Dr. Hoover 
made a diagnosis of aplasia of the right lung and right half of the diaphragm, 
associated with an embryonic displacement of the heart upward and to the 
right caused by this failure of development of the Tight lung and diaphragm. 

Fluoroscopic Examination.—Under the fluoroscope, a great disparity between 
the longitudinal diameters of the two sides of the chest was apparent from the 
high position of the dome of the liver and the low position of the vault of 
the left diaphragm. During inspiration the right half of the diaphragm under- 
went no excursion of its own, but was drawn passively downward and to the 
left by the very lively excursion of the left diaphragm. There was no “para- 
doxical” movement of the right diaphragm, and the mediastinum could not 
be seen to undergo any excursion. The entire right half of the thorax was less 
transparent than the left. A striking feature was the fact that the heart failed 
almost entirely to cast a shadow. Its borders were extremely faint, and would 
probably not have been visible at all except for their slight mobility. This 
phenomenon was interpreted as being due to the fact that there was a want 
of aerated lung surrounding the heart. The roentgenograms were of the same 
character (Fig. 1). Whether the aorta arched over the right or the left 
bronchus was not discernible. 

It should also be mentioned that the patient had a hypospadias, and that 
both his testes were intra-abdominal. His vital capacity was 3,200 c.c. A boy 
of his height (5 feet 8 inches) should have at least 4,500 c.c. 


Case 2.—E. C. W.. male, aged 29 years. 

Diagnosis —Hernia of the left diaphragm. 

Present Iliness—Patient states that on arising in the morning he is seized 
with a severe pain in the epigastrium, which gradually passes away after he 
has maintained the erect posture for a period of from two to three hours. The 
pain is usually associated with vomiting, especially if he eats breakfast. By 
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noon the discomfort has entirely disappeared, and he is always able to enjoy 
a hearty lunch and to retain it without difficulty. This disappearance of 
symptoms with the assumption and continued maintenance of the erect posi- 
tion has been constant throughout. There is nothing in the history to indi- 
cate disease of the intrathoracic organs, or local disease of the stomach or 
other abdominal viscera. 

Past History—When the patient was about 9 years old he was run over by 
a 1,500 pound delivery wagon, one of the rear wheels passing over his abdomen 
at about the level of the umbilicus. Two ribs on the left side were fractured. 
Following this injury he was in bed for six weeks, having pain in the abdomen 
and left shoulder. From that time, the patient was always more or less dis- 
turbed by the epigastric pain described, although it would occasionally be 
absent for long periods. During the past few years, however, the trouble has 
been growing distinctly worse. (Note: The full history of this injury was 
not obtained until after the diagnosis had been made. Patient at first dated 
the onset of the trouble only a few years previously.) 

Physical Examination—Thorax: Symmetrical, with no disproportion in the 
relations of the antero-posterior, transverse, or longitudinal diameters. The 
volume, density, and extensibility of the right lung are normal. At the base 
of the left thorax posteriorly, in an area bounded above by the sixth rib, 
medially by the spine, and laterally by the posterior axillary line, the per- 
cussion note is dull and has a tympanitic quality, tactile fremitus is increased, 
and the breath sounds are high pitched and tubular in character. No rales. 
The tympanitic quality of the percussion note is interpreted as Skodaic reso 
nance due to relaxed lung. In this area the coin sound and succussion splash 
are occasionally demonstrable. The percussion note, tactile fremitus, and 
breath sounds are normal in character throughout the remainder of the left lung. 
The excursion of the arcs of the ribs, and that of the costal margins, is equal 
and active on both sides. The fact that the costal borders undergo symmetrical 
inspiratory divergence is proof of normal activation of both halves of the 
diaphragm, for normally activated intercostal muscles, unopposed by the factor 
of activation of the diaphragm, cannot fail to bring about exaggerated inspira- 
tory divergence of the costal margins. The left half of the diaphragm, there- 
fore, cannot be the seat of aplasia. Furthermore, a normal excursion of the 
arches of the ribs cannot take place in the presence of impaired extensibility 
of the underlying lung. Hence, chronic pleurisy does not explain the dulness 
at the base of the left thorax, nor does partial infiltration of the lung account 
for the tympanitic percussion note. Hydropneumothorax is similarly excluded 
The physical signs could be interpreted only as dependent on the invasion of 
the thorax by some abdominal viscus. 

Heart: There is no visible or palpable precordial activity. Percussion 
shows that the heart occupies a normal position, the right border being located 
at the right sternal line, and the left at the left midclavicular line. Ausculta- 
tion reveals nothing abnormal during systole or diastole. 

Clinical Diagnosis—From the physical signs, without having obtained the 
history of injury, Dr. Hoover made the diagnosis of hernia of the left diaphragm. 

Fluoroscopic Examination—Under the fluoroscope there was no disparity 
to be seen between the longitudinal diameters of the two sides of the chest, 
and the diaphragm underwent a normal excursion on both sides. When the 
patient was given barium mixture to drink, the stomach was seen to lie almost 
entirely in the left pleural cavity, its upper level reaching to the third rib 


anteriorly. There was no displacement of the heart (Fig. 2). 


COMMENT 


In a great proportion of the cases of hernia and eventration of 


the diaphragm, as reported in the literature, there has been a striking 


uniformity in the physical signs from palpation, percussion, and auscul- 














212 ARCHIVES OF INTERNAL MEDICINE 


tation. It is for this reason that a study of the evidences of activation 
of the diaphragm is of paramount importance. This uniformity did 
not extend in its entirety to our two cases, partly because of the 
co-existing aplasia of the lung in the case of eventration. In spite of 
this fact, the most important difference in the physical signs of the 
two cases was apparent in the behavior of the costal margins, the inter- 
pretation of which enabled us to make the diagnosis by direct physical 
examination without instrumental aid. 


CONCLUSION 

1. The literature on the subject of “eventration” of the diaphragm 
is critically reviewed, chiefly from the standpoint of diagnosis. 

2. Diagnostic criteria are critically discussed. Emphasis is laid on 
the necessity for a careful study of the inspiratory excursion of the 
costal margins in the attempt to differentiate eventration from hernia of 
the diaphragm. 

3. The evidences for activation, or want of activation, of the 
diaphragm in hernia and eventration are illustrated by the presenta 


tion of cases. 
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THE BIGEMINAL PULSE IN ATRIOVENTRICULAR 
RHYTHM * 


PAUL D. WHITE, M.D. 


BOSTON 


sigeminal pulsation in atrioventricular rhythm is extremely rare 
In 1915, the electrocardiograms of an unique case seen at the Massa 
chusetts General Hospital were published.'| During the past year, a 
second case showing the same condition has been examined, also at 
the Massachusetts General Hospital. No other cases have been 
reported in the literature, so far as | am aware.* 

Atrioventricular rhythm, once called “nodal rhythm,” is that cardiac 
rhythm arising from the atrioventricular node (of Tawara) which 
lies in the connective tissue below the endocardium of the right auricle 
just above the septal edge of the tricuspid valve ring. Impulses 
arising in this node travel in both directions, upward to produce an 
upside-down contraction of the auricles, and downward to produce 
ventricular systole. If the a-v node stimulates the ventricles alone 
while the sino-auricular node (the normal “pacemaker” of the 
heart) stimulates the auricles, auriculo-ventricular dissociation 
occurs either of the complete heart block type or of ventricular escape 
type’ but not atrioventricular rhythm. The position of the unusual 
pacemaker in the atrioventricular node or bundle, and the degree of 
resistance to the spread of the excitatory wave determine whether 
ventricles or auricles beat first. In both my cases the a-v7 impulse 
reached the ventricles definitely before reaching the auricles 

\trioventricular rhythm is of little significance clinically. It usually 


means depression of the sino-auricular node and thus escape of the 


lower node, probably largely due to vagal overactivity. It may, how 
ever, mean excessive irritability of the a-v7 node, giving rise to par- 
oxysmal tachycardia of this origin. Both my cases resulted apparently 
from sino-auricular depression, and in the second case ventricular 

*From the Cardiac Clinic of the Massachusetts General Hospital. 

1. White, P. D.: Arch. Int. Med. 16:517 (Nov.) 1915; Arch. Int. Med. 18: 244 
(Aug.) 1916. 

2. Since this paper was written, examples of the phenomena of the bigeminal 
pulse in atrioventricular rhythm have been published by Gallavardin® and 
by Bishop.* Bishop makes no particular note of the bigeminy, but Gallavardir 
and Graves explain their case as I have done; they produced the bigeminy 
(one example only in their paper) by vagal pressure in a-v rhythm. The vagal 
pressure prolonged the R-P interval to such an extent that the ventricle 
responded to the late P. 

3. Gallavardin, L., and Graves, L.: Bradycardie Nodale Permanente. Etude 
du Rhythme Atrioventriculaire, Arch. du. mal. du coeur, 14:11, 1921; [Tracing 
VIT}. 

4. Bishop, L. F.: Specific Action of Atropin in Relieving Certain Irregular 
ities of the Heart Beat, J. A. M. A. 77:31, (July 2) 1921; [Fig. 3] 
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escape appeared in some records and atrioventricular rhythm in others, 
showing the close relationship between these two phenomena. 

The bigeminy consists of the sandwiching of one retrograde auric- 
ular contraction between two practically normal ventricular con- 
tractions. The mechanism was discussed in my former paper’ and 
probably is as follows: Ordinarily in atrioventricular rhythm the 
auricular excitation occurs just before, with, or immediately after the 
ventricular excitation wave. Rarely, the auricular impulse is so much 
delayed that the auricular excitation wave induces in its turn a second 
ventricular contraction giving rise to the bigeminal pulse of atrio- 
ventricular rhythm. Thus there is a sandwiching of an auricular 
contraction between two ventricular beats (Fig. 4). <A diagram 
illustrating this mechanism will be found in the paper describing the 
first case." The only other reasonable explanation of the bigeminy 
is that abnormal auricular beats are excited mechanically by the 
idioventricular contractions and that these in turn are followed by 
ventricular responses. In support of this theory in the present case 
is the fact that at first (Feb. 15, 1920) the auricular complexes were 
upright even when the bigeminy occurred, and that later (March 10), 
when they were inverted, they did not always occur at the same time 
interval after the ventricular complexes in the spontaneous rhythm. 
The chief reason for considering them of lower nodal origin is the 
fact, that in thir case, as in the first case reported, nervous influences 
markedly affected the R-P interval. For example, in Figure 6 exercise 
shortened the R-P interval ( from 0.38-0.53 sec. to 0.19 sec.), probably 
by sympathetic nerve action, to such a degree that the bigeminy was 
interrupted. As the atrioventricular rate decreased after the exercise, 
the R-P interval increased (in one-half minute to 0.3 sec.) and the 
bigeminy reappeared (Fig. 6b). Thus, a paradoxical slowing of the 
pulse occurred with exercise, the rate dropping to 40 immediately 
after exercise, while half a minute later it rose to 60 because of the 
bigeminy, although the actual rate of stimulus production in the atrio- 
ventricular node had dropped to 30 (Fig. 6b). Also, atropin sulphate 
not only quickened the atrioventricular nodal rate from 26 to 41, but it 
shortened the R-P interval from 0.55 sec. to 0.28 sec. (Fig. 7). This 
shortening, however, was not sufficient to abolish the bigeminy. 

The P-R interval in the periods of bigeminal pulse was always 
shorter, often very much, than the R-P interval (0.18 sec. as compared 
with 0.4 sec. [Fig. 4]), except after atropin when they were about 
equal to 0.28 sec, and also after exercise (Figs. 6 and 7). Forward con- 
duction across the auriculonodal junction is more rapid than retrograde 
conduction ordinarily, and so would explain this difference when the 
heart was uninfluenced by atropin and exercise. The probable explana- 


tion of lengthening of the P-R interval after atropin and exercise, an 
unexpected finding usually, lies in the fact that the auricular impulse 
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coming earlier than usual finds the conduction system less completely 


recovered and so more resistant to the passage of an impulse. As has 


been noted after exercise, if the retrograde auricular impulse follows 
the ventricular complex by a still shorter interval there is no second 


ventricular complex at all. 


REPORT OF CASE 


A. M., male, carpenter, 48 years old, born and raised in New England, was 
examined Feb. 25, 1920. 


Fig. 1—Electrocardiogram of A. M., taken Feb. 25, 1920, showing Leads I, 
II and III in sequence. Sino-auricular bradycardia and ventricular escape occur 
with variable R-P intervals. Rate 46. In this, as in the following electro- 
cardiograms, scale on abscissa 0.2 second, on ordinate 10° volt. 


Fig. 2.—Electrocardiogram, Lead II, of A. M., Feb. 25, 1920, showing occa- 
sional bigeminal pulse complicating sino-auricular bradycardia and ventricu- 
lar escape. 


Past and Family History.—These are of no interest, except for diphtheria 
at the age of 7 years, influenza in 1918, and considerable financial worry for 
the past two years. Two years ago he was examined and passed by two insur- 
ance companies. Has used no tobacco or alcohol and little coffee 

Present Iliness—This started about one vear ago when he began to tire 
easily and to suffer from aching in his legs. He noticed that at times of dizziness 
and weakness his pulse went down to 15, but he never fainted. Epigastric dis- 
comfort often has bothered him, but he has had no severe pain or jaundice 








_ 


Pe TRS. see Sage 

















Fig. 3—Polygrams of radial and jugular pulse of A. M., Feb. 25, 1920, 
showing (A) bigeminal pulse with c-a-c waves in jugular tracing; (B) regular 
pulse with c-a waves in jugular tracing; (C) alternate bigeminal and single 
pulsations, the former occurring with the longer c-a intervals. 





Fig. 4—Leads I, II and III of A. M., March 10, 1920, showing atrioven- 
tricular rhythm with very slow and varying rate of a-yv nodal pacemaker, in 
Lead I, 38; Lead II, 27 and in Lead III, 25 and less. In Lead III, the rate of 
stimulus production is so reduced that the depressed sino-auricular node finally 
escapes in its turn after a three second interval. 
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Fig. 5—Lead I] of A. M., March 10, 1921, showing sino-auricular nodal 
escape after marked slowing of the atrioventricular nodal pacemaker with 
resumption of a-v rhythm. Spontaneous variation in rate 


Fig. 6—Lead II, March 10, showing the effect of exercise: (A) taken one- 
half minute after exercise. The R-P interval is here so reduced that the 
bigeminy has disappeared. (B) Taken one minute after exercise, with length- 
ening of the R-P interval and reappearance of the bigeminy 


Fig. 7.—Lead I], March 10, showing the effect of atropin sulphate, ‘0 grain, 
injected subcutaneously. The rate of stimulus production in the atrioventricular 
node is increased, and the R-P interval is decreased but not sufficiently to abolish 
the bigeminy. The P-R interval (of the latter half of the couple) is increased 
beyond the pre-atropin measurement. 
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There has been no relation of discomfort to food. Physical examination by 
his physician, Dec. 6, 1919, was negative, except for a pulse rate of 48 and 
blood pressure of 160 mm. Hg. systolic and 100 mm. diastolic. For more than 
a month his pulse rate ranged from 56 to 32. There was no relief from small 
doses of digitalis. He kept at work. In February his pulse rate usually was 
36, but varied from 28 to 38; in March it varied from 34 to 58. March 17, 
18, 19, 20, 21 and 22, his morning and evening pulse rates were 34, 36, 34, 34, 
44, 44 and 36, 38, 36, 54, 52, 58, respectively. 

Physical Examination —Feb. 25, 1920: Patient was a slender, fairly devel- 
oped middle-aged man without dyspnea, cyanosis or edema. His heart was 
slightly enlarged to the left, with apex impulse in the fifth space; no increased 
supracardiac dulness; short systolic murmur at apex; pulse rate, 45; blood 
pressure 160 mm. mercury systolic, and 85 mm. diastolic. Reflexes normal. 

Wassermann reaction negative. 





Fig. 8.—Electrocardiogram, Leads I, II and III of A. M., March 31, 1920, 
showing normal rhythm, bifurcated P wave in Leads II and III and normal 
P-R interval. Rate 55. 


Electrocardiographic and Polygraphic Studies—Electrocardiogram, Feb. 25, 
1920, showed sino-auricular bradycardia and ventricular escape and occasionally 
bigeminy when the auricular excitation wave stimulated the ventricle when not 
refractory (Figs. 1 and 2). A polygram of radial and jugular pulse tracings taken 
February 25 shows at times a bigeminal pulse (Fig. 3). The ventricular wave c 
always precedes the auricular wave a whether there is a bigeminal pulse or 
not. The earlier the auricular impulse occurs the less chance there is of a 
ventricular response. As seen in the figure the c-a interval is slightly longer 
in the bigeminal pulse tracing than in the other. The difference is very slight: 
we are close to the borderline, in fact so close that at times in the same strip 
of tracing both single and bigeminal pulsation occurred (Fig. 3c). Similar 
polygrams were obtained during the periods of atrioventricular rhythm. 
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March 10, 1920, the electrocardiogram (Fig. 4) showed atrioventricular 
rhythm with inverted P wave falling very late after the R and followed by a 
second R wave (bigeminy). On two occasions (Figs. 4 and 5) the atrioven- 
tricular node ceased function for three seconds, the sino-auricular node there- 
upon resuming its activity and giving rise in its turn to a ventricular response 

Effect of exercise on the bigeminal pulse of atrioventricular rhythm: A 
rapid walk of 400 yards increased the rate of the atrioventricular pacemaker 
(Fig. 6) from 25-35 to 40 but decreased the actual pulse rate from 55 to 40 
because of the disappearance of the bigeminy. With the quickening of the 
a-v rhythm there was a decrease in the R-P interval, as mentioned above. It 
was this very decrease that undoubtedly did away with the bigeminy for the 
a-v bundle was probably still refractory when the auricular impulse returned 
to it; one-half minute later (Fig. 6) the R-P interval had lengthened out 
again (from 0.2 to 0.3 second). This allowed the bigeminy to reappear and the 
pulse rate rose to 60 although the actual a-y rate had dropped to 30. 

Atropin sulphate, 449 grain, was injected subcutaneously, also March 10, 
1920, and thirty minutes later the a-v rate had risen from 30 to 40 and the 
pulse rate from 60 to 80, the bigeminy persisting (Fig. 7). Here, in spite of 
the increase in a-v nodal rate, the R-P interval did not decrease sufficiently to 
cause the bigeminy to disappear as exercise had done. The R-P interval did, 
however, decrease to 0.25 second. 

Both after exercise and after atropin the second ventricular complex of 
the bigeminal pulse in the electrocardiogram was not quite normal in appear 
ance. There was slight aberration, consisting chiefly of a widening of the 
s wave. This is also suggested in similar complexes before exercise and 
atropin were tried. 

March 25, 1920, a roentgen-ray study of a barium meal showed no abnor- 
mality of the gastro-intestinal tract. 

March 31, 1920, an electrocardiogram (Fig. 8) showed perfectly normal 
rhythm with a P-K interval of about 0.16 second and with a split P. The 
patient now felt well and seemed again normal 

Three months later (June, 1920) the patient was apparently normal 


SUM MARY 

The case of a patient is recorded who from some unknown cause 
of probable vagus overactivity developed sino-auricular bradycardia 
(or s-a block) with ventricular escape, the rhythm changing later to 
atrioventricular in type and finally returning to normal—all in the 
course of a few weeks. Little, if any, clinical evidence of disease 
existed at any time. When the atrioventricular rhythm was slowest 
and the backward conduction of the impulse from the a-v node to the 
auricle the most retarded, a curious bigeminy occurred with the sand- 


wiching of an auricular complex between two ventriculars. This is 


the second observation of this phenomenon recorded. 





THE SYNTHESIS AND ELIMINATION OF HIPPURIC 
ACID IN NEPHRITIS: A NEW RENAL 
FUNCTION TEST * 


PRELIMINARY PAPER 


B. KINGSBURY, Px.D. ann W. W. SWANSON, BS. 


MINNEAPOLIS 


Since the time when Bunge and Schmiedeberg' showed that the 
perfused dog kidney could effect the synthesis of hippuric acid from 
benzoic acid and glycine, it has been assumed by investigators, from 
time to time, that the synthetic ability of the kidney for the formation 
of hippuric acid could be used as an index of renal function. Rown- 
tree and Geraghty,’ in their paper on the use of phenolsulphonephtha- 
lein as a means of testing renal function, enumerate among other renal 
tests that of the synthesis of hippuric acid. More recently, Violle * 
reported that in nephritis the formation of hippuric acid is much less 
than in normal individuals after giving 0.5 gm. doses of sodium ben- 
zoate and collecting the twenty-four hour specimens. He found that 
in some cases the amount of extra hippuric acid corresponding to the 


amount of ingested benzoate was not excreted under forty-eight hours. 
The work of Kingsbury and Bell * has thrown doubt on the view that 
the kidney is the only place in which hippuric acid is synthesized in the 
dog, and Friedmann and Tachau * have proved that in the rabbit the 
perfused surviving liver can effect the synthesis of hippuric acid. 
Lackner, Levinson and Morse® studied the effect of poisoning dogs 
with hydrazine sulphate on the synthesis of hippuric acid, and found 


*From the Biochemical Laboratory of the Department of Physiology, 
University of Minnesota. 

*A preliminary report was made in Chicago, December, 1920, before the 
Federation of American Societies for Experimental Biology. 

1. Bunge, G., and Schmiedeberg, O.: Ueber die Bildung der Hippursaeure, 
Arch. exper. Path. u. Pharmakol. 6:233, 1876. 

2. Rowntree, L. G., and Geraghty, T. J.: An Experimental and Clinical 
Study of the Functional Activity of the Kidneys by Means of Phenolsulphoneph- 
thalein, J. Pharmacol. & Exper. Therap. 1:579, 1910. 

3. Violle, P. L., Ann. de méd. 7:272, 1920; Abst. J. A. M. A. 75:435, 1920; 
Lancet 1:884, 1920. 

4. Kingsbury, F. B., and Bell, E. T.: The Synthesis of Hippuric Acid in 
Nephrectomized Dogs, J. Biol. Chem, 21:297 (June) 1915. 

5. Friedmann, E., and Tachau, H.: Ueber die Bildung des Glykokolls im 
Tierkoerper, 1. Mitteilung; Synthese der Hippursaure in der Kanninchenleber, 
Biochem. Ztschr. 35:88, 1911. 

6. Lackner, E., Levinson, A., and Morse, W.: The Role of the Liver in 
Hippuric Acid Synthesis, Biochem. J. 12:184, 1918. 
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that with the liver extensively damaged, as it is by this poison, the 
synthesis of hippuric acid was greatly diminished. No damage to the 
kidney after use of hydrazine sulphate was demonstrated. 

Jaarsveld and Stokvis,’ using a slightly modified Bunge and 
Schmiedeberg method of analysis for the determination of benzoic and 
hippuric acids, estimated the amounts of these substances in the twenty- 
four hour urine of hospital patients suffering from various forms and 
degrees of nephritis after giving doses of sodium benzoate ranging 
from 0.3 to 4.5 gm. As controls, normal individuals were given 
amounts of sodium benzoate ranging from 0.4 to 2.0 gm. In four 
experiments with the controls these authors found no free, or uncon- 
jugated, benzoic acid excreted, but in the pathologic cases the percen- 
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tage free of the total benzoic acid excreted varied from zero per cent. 
in the contracted kidney type of nephritis to as high as 100 per cent. in 
the chronic and acute parenchymatous type; in other words, no syn 
thesis at all. They concluded that an extensive damage to the kidney 
parenchyma resulted in a lessened ability of this organ to function in 
synthesizing hippuric acid. They also found that the hippuric acid 
excretion was apparently related to the excretion of albumin, for in 
those urines containing much albumin smaller quantities of hippuric 
acid were always found than in urines free from albumin. 


7. Jaarsveld, G. J., and Stokvis, B. J.: Ueber den Einfluss von Nierenaffec 
tionen auf die Bildung von Hippursaeure, Arch. exper. Path. u. Pharmakol. 
10:268, 1879. 
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Weyl and Anrep * showed that in cases of pulmonary tuberculosis, 
ileotyphus and myelitis decubitus the normal twenty-four hour excre- 
tion of hippuric acid varied from 0.011 to 0.083 gm., and that uncon- 
jugated benzoic acid was always present. In the only case in which 
this was estimated it amounted to 0.23 gm. as compared with 0.06 gm 
hippuric acid found in the same urine. These authors used Bunge and 
Schmiedeberg’s procedure. 

Kronecker ® gave nephritics 0.5 gm. doses of sodium benzoate and 
found that in one case of contracted kidney, 74 per cent. of the total 
benzoic acid excreted in twenty-four hours was in the form of free 
benzoic acid and 26 per cent. was combined. In a second trial with the 
same patient a few days later, under exactly similar conditions of 
experiment, he found that the relations between free and combined 
benzoic acids were practically the reverse from those of the first 
experiment. 

It will be seen from these brief summaries of previous work on the 
synthesis of hippuric acid in nephritis and other pathologic conditions 
that no agreement exists and this is easily explained as being due 
entirely to the analytical methods used. These were in every case 
either Bunge and Schmiedeberg’s or some slight modification of it. In 
any case, the specimens of urine, if not already alkaline, were made 
so with sodium carbonate, and evaporated to dryness prior to the 
extraction and weighing of the hippuric and benzoic acids. It has 
been shown, and repeatedly referred to by various investigators, that 
hippuric acid is hydrolyzed by alkali. The large amounts of free 
benzoic acid were found in the urines which we can suppose were the 
ones most alkaline or which had been subjected to longer treatment 
with alkali, for the results which are to follow show that in nephritis 
hippuric acid is synthesized completely and, as far as can be learned, 
at practically the same rate as in normal individuals. Free benzoic 
acid, at least only in traces sufficient to require from 0.1 to 0.2 c.c. of 
tenth normal sodium ethylate for every 100 c.c. urine used, is all that 
can ever be obtained from pathologic or normal urine, provided that 
steps are taken to avoid any accidental hydrolysis of the hippuric 
acid present. 

In the present paper we have based our test for renal function not 
on the supposed function of the kidney to form hippuric acid, but on 
its ability to excrete it. We have studied the rate of hippuric acid 
elimination after equivalent doses of benzoic or hippuric acids over 
short as well as over long periods with normal and pathologic individ- 
uals by methods of analysis not open to the criticism referred to above. 


8. Weyl, Th., and Anrep, B.: Ueber die Ausscheidung der Hippursaeure und 
Benzoésaeure waehrend des Fiebers, Ztschr. Physiol. Chem. 4: 169, 1880. 

9. Kronecker, F.: Ueber die Hippursaeurebildung beim Menschen in Krank- 
heiten, Arch. exper. Path. u. Pharmakol. 16: 344, 1883. 
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ANALYTICAL METHODS 


Hippuric acid in the urines of our controls was analyzed by the 
Folin-Flanders’ *® method directly, with one modification, which will be 
mentioned in its place. It was necessary to devise a way to remove 
albumin from urine before this method of analysis could be used in 
the cases of those urines containing it, since it has been known for a 


very considerable number of years, that by proper exidation of protein 


benzoic acid can be obtained. Kingsbury and Bell *' showed that egg 
albumin, when subjected to the Folin-Flanders procedure, yielded 
titrable acid, some of which was benzoic acid. We have confirmed this 
finding and give below the number of cubic centimeters of one-tenth 
normal ethylate equivalent to various amounts of egg albumin. This 
substance dissolved in 100 c.c. water was put through this method 


0.50 gm. egg albumin 3 
10 gm. egg albumin 7 

2.0 gm. egg albumin 16.8 
5.0 gm. egg albumin 34.9 


5 


REMOVAL OF PROTEIN FROM PATHOLOGIC URINI 


One hundred c.c. albuminous urine in a casserole are treated with 
4 drops of 0.1 per cent. alcoholic solution of methyl red. This gives 
an acid reaction since our pathologic specimens are always collected in 
sufficient 2 per cent. nitric acid more than to neutralize the alkali present 
in such specimens (15 c.c. have been found adequate for a three hour 
specimen). Raiziss and Dubin’? have shown that there is no appre- 
ciable hydrolysis of hippuric acid in rabbit urine collected in an excess 
of 2 per cent. nitric acid. Sufficient normal sodium hydroxid is added, 
a drop at a time, to bring the color to the first definite yellow. The 
urine is now boiled to coagulate the protein, and during the boiling 
hydrochloric acid, approximately one-tenth normal, is added until a 
definite red coloration is noticed. Good coagulations are always 
obtained. This is the case whether the urine is at the first definite 
yellow of methyl red or at the first definite red, i.e. over a Ph range 
of from 5 to 6, approximately. The clear filtrate is filtered off, the 
precipitate of protein washed with two 100 c.c. portions of boiling 
distilled water, and the combined filtrates and wash waters evaporated 
to dryness after adding 10 c.c. of 5 per cent. sodium hydroxid solution 
as in the regular procedure. The remainder of the method is exactly 

10. Folin, O., and Flanders, F. F.: A New Method for the Determination 
of Hippuric Acid in Urine, J. Biol. Chem. 11:257 (April) 1912 

11. Kingsbury, F. B., and Bell, E. T.: The Synthesis of Hippuric Acid in 
Experimental Nephritis in the Rabbit, J. Biol. Chem. 20:73 (Jan.) 1915. 


12. Raiziss, G. W., and Dubin, H.: On the Estimation of Renzoic Acid in 
the Urine, J. Biol. Chem. 20:125 (Feb.) 1915 
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that of Folin and Flanders, except the final stage referred to below. 
We have found that more consistent results, with better end points in 
the final titration of the resulting benzoic acid by the Folin-Flanders 
method, are obtained if the extract, instead of being drawn directly 
into a flask and titrated, is filtered through a dry filter paper, the 25 
c.c. of neutral chloroform which is used to rinse the filter paper through 
which the extract has been passed also being used to rinse the sep- 
aratory funnel from which the extract was drawn. The rinse chloro- 
form is filtered through a second dry filter paper. This procedure 
removes all visible water. The only criticism which we have to make 










of the Folin-Flanders method is the length of time necessary for a 





determination, an alkali treatment of from two and one-half to four 
hours, an acid treatment of four and one-half hours and an extraction 
of from one-half to three-quarters of an hour longer. It seemed 
probable to us that a method could be devised which would take much 







less time without sacrificing any of the accuracy which is characterized 
by the Folin-Flanders method. We have done this, but we have not as 
yet given our method a sufficiently long trial to publish it. This we 
hope to do in the near future in The Journal of Biological Chemistry. 
The method used for the determination of uncombined or free 
benzoic acid is that described by Raiziss and Dubin.*? Dakin,’® Lewis," 
Raiziss and Dubin *° and others have shown that in man benzoic acid 
is entirely converted into hippuric acid and excreted in this form. In 
pathologic cases our only information, as previously referred to, is a 











disagreement as to the excretion of benzoic acid or its salts. We have 





made the free benzoic acid determination in our pathologic cases a 
sufficient number of times, but have never found a titration figure in 
terms of c.c. of one-tenth normal sodium ethylate larger than that 
found for the same amount of normal urine, namely a blank of from 
0.10 to 0.20 ¢.c. for 100 ¢.c. urine. Hippuric acid is the only form in 
which the total benzoic acid is excreted, in types of disease at least with 
which we have worked. As in the hippuric acid determination, protein, 
if present in the urine, must be removed before the acidified urine can 
be extracted with toluol in making the determination for free benzoic 

















acid. Our method for this is as follows: 
A 100 c.c. sample of albuminous urine in a 200 c.c. volumetric flask 
containing four drops of 0.10 per cent. methyl red solution is brought 


13. Dakin, H. D.: The Fate of Sodium Benzoate in the Human Organism, 
J. Biol. Chem. 7:103 (Jan.) 1910. 

14. Lewis, H. B.: The Synthesis and Rate of Elimination of Hippuric Acid 
\fter Benzoate Ingestion in Man, J. Biol. Chem. 18:225 (July) 1914. 

15. Raiziss, G. W., and Dubin, H.: The Synthesis of Hippuric Acid in the 
Animal Organism and the Occurrence of Free Benzoic Acid in the Urine, 
I. Biol. Chem. 21:331 (July) 1915 
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to the first definite yellow by the addition of normal sodium hydroxid, 
then back to the first definite red by approximately one-tenth normal 
hydrochloric acid. Then, 0.5 gm. of tannic acid in substance is added. 
After complete solution of this substance and the consequent precipita- 
tion of the protein, the liquid is made up to volume, filtered through a 
dry filter paper and a 100 c.c. aliquot analyzed according to the method 
of Raiziss and Dubin.’* 

The simple coagulation method for the removal of protein prior to 
the application of the Folin-Flanders method gave consistent results in 
our hands. These are shown in Table 1. The samples of urine, 100 c.c. 
each, contained from 0.5 to 1.0 gm. egg albumin (the dry product) and 
the values obtained were compared in each case with those of a similar 
quantity of the same sample of urine not containing egg albumin. 

The results shown in Table 1 prove that albumin can be removed 
from urine according to the method outlined above without altering 


TABLE 1.—DatTa on PRELIMINARY REMOVAL OF PROTEIN 








Urine Urine 2 Urine 3 
SS A... EE ———EE - — - oe 
No Albumin 1.0 Gm. Albu- No Albumin 1.0 Gm. Albu No Albumin 0.5 Gm. Albu 
Present; min Present; Present; min Present; Present; min Present; 
N/20 Sodium N/20 Sodium N/20 Sodium N/20 Sodium N/20 Sodium N/20 Sodium 
Ethylate Ethylate Ethylate Ethylate Ethylate Ethylate 
Required, C.c. Required, C.c. Required,C.c. Required, C.c Required, C.c. Required, C.« 


9.15 9.26 10.87 10.48 8.79 8.82 
Average of Average of Average of Average of Average of Average of 


2 determina- 8 determina- 4 determina- 2 determina 4 determina 4 determina- 
tions tions tions tions tions tions 


appreciably the true hippuric acid titration value. In practice, albumin 
was removed when the sample of urine gave a coagulable quantity, 
determined on a 5 c.c. test sample, using the same technic as that 
described above. 


EXPERIMENTAL 
Our basic dose of sodium benzoate or hippurate is the equivalent of 
2.0 gm. benzoic acid. The few exceptions to this are noted in the 
proper place. Since Lewis ** had shown that the excretion of hippuric 
acid following the ingestion of from 6 to 10 gm. doses of sodium ben- 
zoate was very rapid, from 85 to 90 per cent. of the dose being elim- 
inated in from five to six hours, it seemed to us that with a dose of 2 
gm. the elimination would be more rapid, and this has been found to be 
the case. We have found that the elimination of hippuric acid after 
the ingestion of 2.4 gm. sodium benzoate is 96 per cent. of the benzoate 
ingested for a 2.4 to 3.25 hour period. Directly determined and 
indirectly estimated, from the curves of excretion, the average for 
three hours for nine normal individuals is 97 per cent. 
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In all cases, the sodium benzoate was dissolved in from 75 to 100 
c.c. of water.. This dose was taken and followed by half a glass of 
water used to rinse the container and glass from which the solution 
was taken. The benzoate was usually given between meals, either 
morning or afternoon, but in some cases one hour before breakfast, 
or with the meals. No difference could be noted either in the normal 
or pathologic cases due to the time of giving the sodium benzoate, with 
the exception of Case 12 Table 4, but we prefer the mid-morning or 
afternoon for this purpose. In every case care was taken to have the 
subject void urine immediately before taking the sodium benzoate. The 
diet was controlled only in so far as fruit in any form or cranberries 
were concerned. These were not allowed on the experiment day. The 
amount of water taken during the experiment period was not controlled 
in the normal cases, nor could any differences in the results, possibly 
due to this, be noticed. The water intake was controlled in the 
pathologic cases. 

In those experiments in which hippuric acid was given this was 
dissolved at room temperature by the aid of sodium bicarbonate, avoid- 
ing an excess of the latter. The hippuric acid used in these experiments 
was for the most part synthesized from benzoyl chlorid and glycine in 
slightly alkaline solution, entirely freed from benzoic acid and recrys- 
tallized two or three times from hot water and the crystals thoroughly 
dried. Some of it was purchased from the Eastman Kodak Company."* 

Previous mention has been made of the fact that our pathologic 
specimens of urine were collected in 15 c.c. of 2.0 per cent. nitric acid 
for each three hour specimen to prevent hydrolysis of the hippuric acid, 
and it should be noted that when the specimen of urine had to stand 
over more than six or eight hours before the analysis of it could be 
undertaken, it was preserved by adding 0.5 c.c. of a 10 per cent. solu- 
tion of thymol in chloroform. Such preservation makes no difference 
in the analytical results, as we have demonstrated several times. 

The administration of salicylates, at least in any quantity, just 
before or during the experiment period should be avoided. Salicylates 
present in urines analyzed by the Folin-Flanders method yield results 
that are too high, due, probably, to the formation of picric acid or 
analogous substances which yield a certain titration value of their own 
We have found that picric acid can be proved to be present when 1.0 
gm. salicylic acid or acetylsalicylic acid is put through the Folin- 
Flanders procedure. None of our normal or pathologic results were 
influenced in this way. 


16. For this and certain other chemicals for research purposes acknowledg 
ment is made to the Graduate School of the University of Minnesota. 
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In general, we have found it advantageous to make the three hour 
pathologic specimens up to 500 c.c. and take 100 c.c. aliquots for 
analysis. 

The average daily excretion of hippuric acid is given in text books 
on physiological chemistry as from 0.7 to 1.0 gm., but the more accurate 
figures of Folin and Flanders indicate that it varies from 0.8 to 1.9 
gm. a day. This has been determined in the case of a normal man 
weighing approximately 90 kg. and the results are shown in Table 2." 

The results shown in Table 2 confirm the findings of others that 
the hippuric acid output is fairly constant for the individual on a con- 
stant diet, and that fruit and vegetables increase it. The average daily 
excretion in this case on the mixed diet is 1.70 gm. as hippuric acid, 
or a three-hourly excretion of 0.144 gm. calculated as benzoic acid. On 


TABLE 2.—Normat Hippuric Acip Excretion 


Date 24 Hour 
June, 1919 Hippurie Acid, Gm Diet 
10 1.58 | 
11 1.85 
12 1.51 { Mixed, including a fair 
13 1.61 amount of fruit 
14 1.80 
16 1.85 
7 1.00 
18 1.14 
19 0.85 
2» 0.99 | Milk, cheese, cream and rock candy, 
71 0.87 | but no fruit or vegetables 
22 ORC 
ps | oO.90 
4 0.93 ) 


the low hippuric acid forming, but high protein diet (from 20 to 22 gm. 
total nitrogen in twenty-four hours) the output of hippuric acid, 
averaging the figures from June 19 to 24, inclusive, is 0.90 gm. as 
hippuric acid, or a three-hourly excretion of 0.077 gm. calculated as 
benzoic acid. 

We have disregarded the ordinary three hour excretion of hippuric 
acid in the normal and pathologic cases, and have simply determined 
the amount of hippuric acid excreted in this time after the ingestion 
of the equivalent of 2 gm. benzoic acid, expressing this in per cent. of 
the ingested substance. Our figures, then, include this ordinary output 
which is too small relatively to affect the results of our comparison of 
the rates of hippuric acid elimination in normal and pathologic subjects 
under these conditions. Directly determined, the twenty-four hour 
output of hippuric acid on a fruit free diet was in Case 19, 0.25 gm., 

17. Done by Mr. Wallace Cole in an elective course under the direction of 
F. B. Kingsbury. 
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in Case 20, 1.08 gm., and in Case 21, 0.321 gm., all calculated as benzoic 
acid. The three-hourly output in each case calculated as benzoic acid 
was 0.03, 0.14 and 0.04 gram, respectively. 

Violle * recently brought forth a renal function test based on the 
supposed ability of the kidney to synthesize hippuric acid. He has 
found that a forty-eight hour period is sometimes necessary in cases of 
nephritis for the synthesis of hippuric acid equivalent to 0.5 gm. benzoic 
acid. Our findings, which were about half complete when the abstracts 
of Violle’s paper were available, do not confirm those of Voille. The 
original article of Violle has not yet arrived, and we are, therefore, 
in ignorance as to more of the details of his work and particularly as 
to the analytical methods employed. 

Case histories have been omitted from our paper, but all the clinical 
findings that could throw light on the results have been included. 
Results with the normal subjects are shown in Table 3, with pathologic 
subjects in Table 4. 

DISCUSSION OF RESULTS 

In summarizing our results, we have classified our patients into: 
(1) Nephritics; (2) cardiac decompensation with passive congestion of 
the kidneys, and (3) miscellaneous cases. In Table 5, dealing with well 
marked cases of nephritis, it is seen that a low phenolsulphonephthalein 
test is associated with a low benzoate test. With the exception of 
Cases 1 and 8, with extremely low phenolsulphonephthalein tests these 
values ranged from 10 to 20 per cent. for adults and were associated 
with benzoate tests of from 10 to 50 per cent. With twelve cardiac 
cases shown in Table 6, the phenolsulphonephthalein percentages varied 
from 20 to 47, the latter being the lower limit of what is regarded by 
some internists as normality, and are generally higher than with cases 
of nephritis. It is pointed out in this connection that the benzoate tests 
on these patients are generally relatively higher than the corresponding 
phenolsulphonephthalein tests ; for instance, half of them by the former 
test ranging from 60 to 80 per cent., and half from 20 to 60 per cent., 
but none lower than 20 per cent. Generally, then, the benzoate test 
shows greater differences between these two types of cases than does 
the phenolsulphonephthalein test. In Table 4 it will be noted that in 
Cases 8 and 10 several benzoate tests were made, and that the values 
obtained fluctuated markedly. Apparently, this is due to the condition 
of the heart and its ability to maintain an adequate renal circulation 
during the time of the test. Fluctuations in the benzoate test when 
applied to the nephritic are by no means so marked. Case 13 showed 
steady clinical improvement from November 27 to December 8. During 
this period, the benzoate test percentages rose from 10 to 22 and the 
phenolsulphonephthalein values from 20 to 35 per cent. in two hours. 
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TABLE 3.—NorMat INDIVIDUALS 


Hippuric Acid Exere ted 


Substance Total, Total Time Total 

Date Ingested, Caleulated Flapsed Excretion 

1920 Gm as Benzoic After Per Cent. of 
Acid, Ingestion of Substance 
Gm Substance, Ingested 

Hours 
June 2 4 1.12 i) 

1.97 2 


June 2 2 oss 
455 

629 

719 

Sept. 3 2 852 
iOS 

697 

R71 

744 

M7 

832 

990 

13 

~ 

2.08 

1h 

RS 

747 

061 

2.057 


1.& 
1.78 
1.9% 
1. 
1.% 
9 
3. 

1 
16 
1 


me de 00 tO ae me SD 1S TO et 


1 
Lewis’ 
experi- 
ment 
8.37 C 


A. sodium benzoate; B, hippurie acid; ¢ sodium hippurate 
* Child 2.5 years old. 
+ Repetition of Lewis’ experiments. 





TABLE 4.—PatuHotocic INbiviIpUALS 


Hippurie Acid Excreted 





Phenol 
Total Total sul- 
Total Time Excre- Albu phone- 
Date, stance Caleu- Elapsed tion min phthalein Diagnosis and 
1920 In- lated After per in ex- Remarks 
gested, as Inges- Cent. Urine creted 
Gm Benzoie tion of of in 
Acid, Sub- Sub- 2 Hours, 
Gm. stance, stance per Cent. 
Hours Ingest 


1 Mar. 29 2.6B 0.432 : 24 3 Chronie Necropsy 
1.041 5 50 . . 15 nephritis May 10 
April 3 $ | 0.567 + 
1.054 
1.618 
2.070 
3.084 
0.521 
1.5 
April 17 


29 Chronic 
April4 nephritis; 
31 cardiac 

June 6 decom- 
pensation 


0.514 ‘ Cardiac 
1.016 ; 5 decom- 
pensation 


0.542 ‘ 27 , Aortitis Necropsy 
1.073 } yf syphilis; Sept. 11 
0.304 2.6 5 cardiac 
0.415 : hyper- 

trophy 


0.866 ‘ ‘ + ‘ Cardiac 
1.390 | 5 decom- 


pensation 


] 
Cirrhosis; Necropsy 
cardiac Nov. 21 
decom- 
pensation 


Mitral 
stenosis 


ir) 
- 
> 


Cardiac 
decom- 
pensation 


bo bo 8 
ee 


Pree Pee Fe bP > 


Angina 
pectoris 


tere 
~- 


Cardiac 
valvular 
disease 


ro rere 


Mitral 
stenosis 


bo ho be PO 


Gastric 
ulcer 


Chronic Clinical 
nephritis improve- 
ment 
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TABLE 4.—PatuHowocic INpivinvuALs—(Continued) 


Hippurie Acid Excreted 
—-- - - Phenol! 
Total Total sul 
Sub- Total Time Exere- Albu- phone 
Date, stance  Calcu- | Elapsed tion min phthalein Diagnosis and 
1920 In- lated After per in x- Remarks 
gested, as Inges- Cent Urine creted 
Gm. Benzoic tion of of in 
Acid, Sub- Sub 2 Hours, 
Gm stance, stance per Cent 
Hours Ingested 


Cardiae 
decom- 
pensation 


0.910 3 
1.395 3 
1.651 3 


Postsearla- Child 11 
tinal ne years 
phritis in 
stage of 
recovery 


0.469 


Nephritis 


Pylorie 
obstrue- 
tion 


Nephrosist 
due to 
abscess 


Pyelocys 
titis 


Cardiac 
decom- 
pensation 


Arterio- 
sclerosis 


Diabetes 
mellitus 


Nephritis 


Cardiac 
decom 
pensation 


.15 § d 0.815 Brady 
cardia 


.15 2.4 J 1.852 ; c ig Asthma 

Jan. 16 06 0.479 3 Nephritis, Child 11 

Jan. 18 25 J 0.994 3 chronic years 
interstitial old 


28 Jan. 21 A: 0.938 3 Nephritis 


A, sodium benzoate; B, hippuric acid; C, benzoie acid 
* Benzoate ingested 1 hour before breakfast 

+ Benzoate ingested with noon meal. 

t See text. 
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Whether the benzoate test can be used as a means of differential 
diagnosis between the cases primarily cardiac and those primarily renal, 
our data are at present insufficient to decide, but the results presented 
in this paper indicate that this is a possibility, and that if several tests 
are made on the same patient two or three days apart, that with care- 
fully controlled conditions of diet there would be very marked fluc- 
tuations in the values obtained with the cases primarily cardiac, but 
with the nephritics a greater constancy (Cases 1, 8, 10 and 13, Table 4). 

Certain advantages which the benzoate test appears to have in com- 
parison with the phenolsulphonephthalein test are: (1) Normal values 
within narrow limits; (2) greater delicacy in picturing kidney function ; 
(3) simplicity in making the test, and (4) excretion of a substance 
normally eliminated by the kidney. 

The normal values as we have found them for adults vary from 
95 to 100 per cent. elimination in three hours. These were made on 


TABLE 5.—Nepuritis; Benzoate Tests 


Phenolsul- Number of Cases Between 
phonephthalein - ; a - —~—-- -_—- 
Per Cent. 10-20% 20-30% 3-40% 10-50%) DO 100°% 
Adults oe 1.5-30 2 2 0 2 0 
Children. jane 53-70 0 0 0 0 2 


TABLE 6—Carpiac Cases; Benzoate Tests 


Phenolsul- 
phonephthalein — . manna _ 
Per Cent. 10-20% 20-40% % 60-80% 8-100% 
47 0 2 6 O 


members of the faculty of the medical school and students. Only one 
normal result was as low as 91 per cent. At present, we have only one 
figure for the normal output of hippuric acid in three hours for 
children. This was obtained by giving a 21% year old girl, weighing 
about 34 pounds, 0.55 gm. sodium benzoate or 34/150 of 2.4 on the 
basis that the latter is the correct dosage for an adult weighing 150 
pounds. The result obtained in this case was a 94 per cent. elimination 
in three hours. Fluctuations in the phenolsulphonephthalein values 
obtained on normal subjects are enormous. With adults 15 per cent. or 
more of the injected dye is not recovered, and its fate is unknown, 
but Kendall ** has given a clue to the manner in which this substance 
may be destroyed in the body. It has been our experience that patients 
object far less to taking a dose of sodium benzoate in solution than to 
having an intermuscular injection of phenolsulphonephthalein. 


18. Kendall, E. C.: The Fate of Phenolsulphonephthalein When Injected Into 
the Animal Organism, J. A. M. A. 66:343 (Feb. 3) 1917. 





KINGSBURY-SWANSON—HIPPURIC ACID 33 


Of interest are the results of the benzoate test applied to two 
children (Cases 15 and 27, Table 4). Case 15, an 11 year old boy just 
recovering from a postscarlatinal nephritis, with a phenolsulphone- 
phthalein test of 70 per cent. elimination in two hours, has a benzoate 
test of 69 per cent., indicating lowered renal efficiency. Case 27, an 
11 year old girl, with a phenolsulphonephthalein test of 53 per cent 
in two hours, has a benzoate test of 94 per cent. This case was diag- 
nosed as chronic interstitial nephritis on the history of the case, the 
urinary findings and the blood pressure—systolic 170 and diastolic 
130 m.m. of mercury, respectively. In this instance the Mosenthal *” 
renal test was applied and found to be nearly normal and more closely 
agreed with the benzoate test than with the phenolsulphonephthalein 
test. The value of the latter, 53, is lower than the average figure of 


TABLE 7.—Muiscettaneous Cases; Benzoate Tests 


Phenol 

Number of sulphone Benzoate 
Cases phthalein Test 
° 4) 68° 

i 4 
1 . tit 
96; 

41 

6 

9 

Wo 


Cirrhosis of liver. 
Gastrie ulcer...... 
Pyloriec obstruction 
Arteriosclerosis.. . 
Diabetes mellitus. 
Asthma. oat [Se 
Nephrosis.. aries sue . - RY 
Pyeloeyatitis... ...ccccccccss on 7 71 
* With cardiac decompensation. 


+ Benzoate given with the noon meal 
t Benzoate given 1 hour before breakfast. 


+ 


76 per cent, or the lowest normal figure of 64 per cent. found by Hill *” 
in thirty normal children. 

In Table 7 are shown the results of the benzoate test on patients 
with diseases not renal in nature. Cases of asthma, arteriosclerosis 
(no clinical signs of kidney involvement), diabetes and gastric ulcer 
gave normal benzoate test percentages. A benzoate test on a patient 
with cirrhosis of the liver accompanied by cardiac decompensation gave 
66 per cent. A second case of cirrhosis of the liver showed a normal 
output of hippuric acid in three hours after ingestion of the customary 
dose of sodium benzoate, as the figure 94 indicates. In neither of these 
two cases could any free benzoic acid or its salts be found in the urine 
after the benzoate ingestion. 


19. Mosenthal, H. O.: Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen, and the Specific Gravity of the Urine, Arch. Int. 
Med. 16:733 (Nov.) 1915. 

20. Hill, L. W.: Mild Chronic Nephritis in Children, J. A. M. A. 75:596 
(Aug. 28) 1920. 
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Some facts of interest regarding absorption and the possible role 
of this factor in affecting the applicability of the benzoate test are 
brought out in Cases 12 and 17. In the former, a case of gastric ulcer, 
a fluoroscopic examination after a barium sulphate meal showed a 
10 per cent. retention of this at the end of six hours. Two benzoate 
tests were made, in each case using one-half the usual dose, the first 
showing a 96 per cent. elimination in three hours and the second, 68 
per cent. In the first case, the benzoate was given one hour before 
breakfast, but in the second case it was given with the noon meal. Here 
the difference is clearly attributable to different rates of absorption, 
this being at a much slower rate while food was in the stomach. 

In Case 17, a nearly complete pyloric obstruction was diagnosed 
from the fluoroscopic examination after a barium sulphate meal. No 
passage of this material from the stomach into the duodenum during 
six hours could be observed. The usual dose, 2.4 gm. sodium benzoate. 
was given to this patient immediately after the stomach contents had 
been removed by means of a stomach tube. The patient was then 
required to void urine. At the end of three hours, the collected speci- 
men of urine was analyzed and found to contain sufficient hippuric 
acid to account for an absorption of 41 per cent. of the ingested dose 
of benzoate. From these findings we conclude that such delay in 
absorption as might possibly be encountered in applying the benzoate 
test to cases of suspected nephritis would have no effect on the accuracy 
of the results if the precaution were taken in all cases of this kind to 
give the benzoate on an empty stomach, preferably one hour before 
break fast. 

Case 18 was at first diagnosed as nephritis from the urinary findings, 
although the blood pressure was normal. Two phenolsulphonephthalein 
tests on December 19 and 29 showed 35 and 45 per cent. elimination in 
two hours, respectively. January 6, blood analysis showed urea nitro- 
gen 12, creatinin 2 and glucose 111 mg., respectively in 100 c.c. blood. 
January 10, a sodium benzoate test was made and an elimination of 82 
per cent. in three hours was noted. This is about 15 per cent. under the 
normal values which we have found, but not so low as any of the 
results for nephritics or cardiac decompensation cases. At this time a 
provisional diagnosis of nephrosis due to the absorption of large 
amounts of toxic substances from an extensive abscess of the buttocks, 
involving the sacrum and coccyx, was made. It was thought that the 
presence of this abscess could account for the urinary findings on which 
the previous diagnosis of nephritis had been made. Due to the pressure 
of other duties at this time, unfortunately, no more benzoate tests were 
made. Subsequent data on this case which terminated fatally are as 


follows: 
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January 28, the blood urea nitrogen was 43 and the creatinin 4.2 


mg., respectively in 100 c.c. blood. February 9, the blood urea nitrogen 
had risen to 74 and the creatinin to 12.7 mg. per 100 c.c. blood. The 
necropsy diagnoses a few days later were: (1) Acute diffuse glomerular 
nephritis ; (2) streptococcic infection over gluteal and sacral regions. 
Case 19 was diagnosed as pyelocystitis, bilateral salpingitis and 
syphilis. The benzoate test of 71 per cent. indicated lessened functional 
activity on the part of the kidneys. The phenolsulphonephthalein test 


was 52 per cent. elimination in two hours. 


SUMMARY AND CONCLUSIONS 

1. A modification adapting the Folin-Flanders method for the deter- 
mination of hippuric acid to albuminous urines is described. 

2. Sodium benzoate, in 2.4 gm. doses, is.completely synthesized into 
hippuric acid and eliminated as such in individuals whose kidneys have 
been demonstrated to have been damaged extensively, these findings 
having in some cases been checked by necropsy findings. In nephritis, 
hippuric acid is excreted at the same rate whether its source was ingested 
benzoate or an equivalent amount of hippuric acid in the form of the 
sodium salt. The synthesis must occur fully as fast as the kidney is 
able to excrete the hippuric acid formed. Neither benzoic acid itself 
nor any salt of it has been found in the urine of any patient so far 
studied after the ingestion of sodium benzoate. 

3. The three hour output of hippuric acid on a diet free from fruit 
and cranberries is relatively too small to affect the results obtained 
when 2.4 gm. sodium benzoate are ingested, and, therefore, has been 
disregarded in making the benzoate tests. From 95 to 100 per cent. of 
the 2.4 gm. of ingested sodium benzoate appears in the urine as hippuric 
acid within three hours, and represents the normal average. After 
ingestion of from 6 to 10 gm. sodium benzoate, the rate of elimination 
is less as shown by Lewis, and Lewis and Karr.*' Their findings that 
after the ingestion of an equivalent amount of hippuric acid the rate of 
excretion is less than after benzoate ingestion has been confirmed by 
us. In repeating one of their experiments we obtained a curve of 
elimination practically identical with theirs. 

4. We conclude, that in man the kidney does not play the leading 
role in the synthesis of hippuric acid as has been supposed by various 
investigators from time to time. It may play a minor role, for in the 
normal individual hippuric acid is excreted at a higher rate after ben- 


21. Lewis, H. B., and Karr, W. G.: The Synthesis of Hippuric Acid in the 
Animal Organism. III. The Excretion of Uric Acid in Man After Ingestion 
of Sodium Benzoate, J. Biol. Chem. 25:13 (May) 1916. 
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zoate ingestion than after hippuric acid ingestion in equivalent amount, 
and this difference is also noted in some of the cardiac cases, but not in 
the advanced nephritics. 

5. A new renal function test is described in which the ability of the 
kidney to eliminate hippuric acid at a definite and rapid rate is the 
criterion. Benzoic acid cannot be substituted for the sodium salt in 
this test, as shown in Case 27, Table 4, for its relatively low solubility in 
water probably causes a lower rate of absorption. At any rate, after 
its use the amount of hippuric acid eliminated in three hours is about 
one-half only of that eliminated in the same time after the ingestion 
of an equivalent amount of sodium benzoate. 


Our thanks are due to Doctors S. Marx White, Moses Barron and M. H. 
Hoffman of the University Hospital, to Drs. A. Stewart, C. T. Ecklund and 
L. F. Badger of the Minneapolis General Hospital, to Drs. Rood Taylor and 
M. D. Ott of the Abbott Hospital and to Dr. M. A. Shillington for their enthusi- 
astic cooperation in carrying out these tests. For helpful discussion of certain 
pathologic and physiologic aspects of this problem we express our thanks to 
Drs. E. T. Bell and F. H. Scott of the Departments of Pathology and Physiology 
of the medical school. 

We are indebted to the staffs of the University, Minneapolis General and 
\bbot Hospitals for the data concerning diagnoses, phenolsulphonephthalein 
tests and blood analyses. 














Book Review 


DIAGNOSTIK DER KINDERKRANKHEITEN, MIT BESONDERER 
BERUCKSICHTIGUNG DES SAUGLINGS. By E. Feer, Berlin, 1921, 
Verlag Von Julius Springer. 


This volume, consisting of 269 pages, considers in a very interesting and 
instructive manner the diagnosis of diseases of infancy and childhood, stress 
ing particularly the former. The book essentially considers signs and symp 
toms. The author finds that this plan of treating diagnostics in infancy and 
childhood is of the greatest importance, and is also most instructive to the 
student. It is obvious that, in the case of the infant, the objective symptoms 
are alone of importance because he has not the power of vocal expression and 
in somewhat older children the same signs are of equal importance, becaus¢ 
the child has not sufficient judgment to interpret and express his subjective 
feelings. 

In his long experience as a teacher, the author has found that it is of great 
value from the pedagogic standpoint to consider and analyze the outstanding 
symptoms. Even after a diagnosis has been arrived at, he finds it instructive 
to reflect on the value of the single symptoms or sign which he has employed 
to ascertain whether a diagnosis may be established on such a finding. H¢ 
thinks the discussion of such points as these are of value to the student as 
well as to the practitioner, and by way of example asks: Is a swelling of 
the tibia sufficient evidence of late syphilis; does a Chvostek facial phenomena 
indicate spasmophilia; is a skin eruption of a certain kind sufficiently diagnostic 
of scarlet fever? The author attempts these discussions in his book. He 
brings out the points in differential diagnosis, and draws from his long and 
rich experience in differentiating closely the various signs and symptoms. His 
conclusions are definite and logical and give illuminating clinical information 


He makes a strong plea for the older and simpler methods of clinical exam 
ination. He says that, owing to the great progress which medicine has made 
during the last decennium, the vast amount of experience and skill which the 
older clinicians possessed is more or less neglected in the modern clinical 
examination. He thinks it is an important part of instruction to train the 
special senses of the examining physician. He insists on this point in his 
clinic, trains his assistants and students according to this plan. In this way 
he thinks he has increased their diagnostic acumen and their powers of obser- 
vation. The patient, himself, is observed and studied by the ordinary clinical 
methods first, and the aid of the laboratory is sought later to confirm and 
assist in the diagnosis. If a patient is brought to his clinic for suspected syph 
ilis, the blood is not taken at once and sent to the laboratory for a Wasser- 
mann examination, but an exhaustive physical examination is made first. The 
condition of every organ is carefully noted, every sign and symptom receives 
careful thought and consideration, and then, after all this has been done, the 
Wassermann test is made. The procedure is the same for a case of menin- 
gitis. Feer does not permit his assistants ordinarily to make a lumbar punc 
ture at the outset, but insists that a detailed history be obtained, and a careful, 
thorough physical examination be made. After all this has been done the 
lumbar puncture is performed. 

A great number of signs and symptoms are discussed and striking and 
valuable information is given as to their appearance and importance. In con 
sidering physiognomy and facial expression, he refers among other things t 
the sudden occurrence of pallor. He points out that in a case of broncho 
pneumonia a striking pallor is ominous; and also that if the normal rosy 
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complexion of a premature baby suddenly changes to a waxy pallor, and the 
eyes appear sunken, one should suspect a severe nutritional disturbance or a 
sepsis. In the same chapter he describes the face which is characteristic of 
infantile tuberculosis. The upper lip projects upward, the external nares are 
thickened and often ulcerated and the cheeks are spotted. Very characteristic 
is the unilateral conjunctivitis, with pericorneal injection, with ph!yctenulae and 
photophobia. There are numerous descriptions of the facial expression of the 
mongol, of the idiot, and of the hydrocephalic. One of the illustrations accom 
panying the text shows a four months old baby with wrinkled forehead, which 
he considers to be a characteristic finding in pyloric stenosis 

In considering the skin eruptions which characterize the acute infectious 
diseases, he gives careful consideration to diagnosis and differentiation of the 
common exanthematous diseases. In addition he mentions erythema infectiosum 
(megalerythem) which is not commonly treated in the textbooks. Of this latter 
he says that at the onset the eruption consists of small red macules which 
appear first on the face, and show a characteristic tendency to increase in 
size and coalesce to form a large red patch. The lesions occur also on the 
extensor surfaces of the arms and on the glutei. 

In discussing the examination of the lungs, he points out that there are 
certain advantages in auscultating the thorax with the unaided ear, and says 
that on account of the superficial breathing of young infants the real condition 
of the breath sounds and the presence of rales is most advantageously elicited 
if the baby cries. 

He presents a very thoughtful chapter on the diagnosis of appendicitis in 
infancy and young childhood, and in conclusion remarks, that in a doubtful 
case of appendicitis it would be better to open the abdomen than to wait too 
long, because while rupture of the appendix would confirm the diagnosis, it 
would also cost the life of the patient. 


The material is well presented. The discussions are concise and one is 


impressed by the fact that the matter presented represents the experience and 
thoughtfulness of a master. The illustrations are profuse and well made. We 
regret, however, that there are not a few colored plates to illustrate the acute 
infections, and the color changes in the skins and nails. 

On the whole, it is a valuable contribution to the clinical study of pediatrics. 





